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SAY, 


Try this new IDEA at your factory 


The new CORBY plant for British Sealed Beams Ltd., and other modern 
factories, have Brooks’ Fan-powered ‘Vertical Jet’ roof extract units to discharge 
fumes and contaminated air high above building roof level. Brooks’ Fan-powered 
Standard weathercap type Roof Units are used as fresh air intakes to unit heaters 
and input ventilation plants. 


Architects: 
Corby Development Corporation 
Consulting Engineers: 
Edward A. Pearce & Partners 
Heating & Ventilating Contractors: 
Arthur Heaton & Co. Ltd. 
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HIGH VACUUM CONSUL 


VAC 


SPECIALISTS 
APPLICATIONS HIGH 
LIMITED VACUUM 


EQUIPMENT 


HIGH VACUUM EQUIPMENT HIGH VACUUM FURNACES 


For Decorative finishes and Optical coating For Melting and Sintering 


IONIZATION CHAMBERS CONTROLLED ATMOSPHERIC 


WELDING EQUIPMENT 
HIGH VACUUM GAUGE UNITS FREEZE DRYING AND 


HIGH VACUUM VALVES AND DEHYDRATION PLANT 
ACCESSORIES DIFFUSION PUMPS 
MASS SPECTROMETER ALPHA RAY IONIZATION 
LEAK DETECTORS GAUGE CONTROLS 


IMPREGNATION & ENCAPSULATION EQUIPMENT 


5 
VACUUM INDUSTRIAL APPLICATIONS LTD. 


NETHERTON ROAD WISHAW LANARKSHIRE SCOTLAND 


Telephone : WISHAW 2142 Telegrams : VIA-VAC WISHAW 
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These two leaflets provide you with data on 
STILAG for pipe insulation over a 
temperature range —400°F to +1500°F and 
STILCLAD sections for the general heating range 


up to 500°F. They provide you with all the 


May we send you copies ? it 


Regd. Trade Mark NAME 


STILLITE PRODUCTS LTD. ees 


15 Whitehall, London, S.W.1!. Tel. WHitehall 0922-7. 
A member of the TURNER & NEWALL ORGANISATION 
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information required for your specification. 


To: STILLITE PRODUCTS LTD. 
15 Whitehall, London, S.W.lI. 


Please send Pipe Insulation Data Nos. 7 and 15. 


Just attach this coupon to your letterhead. 
Heating & Air Conditioning 
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CONTROL CENTRES 
have everything! 


E* plug-in type Control centres are designed 
to cater for direct-on starting of AC motors 
up to 100 h.p. Each standard column will 
accommodate a variety of combinations of 
starter-units, and alterations or additions are 
readily carried out after installation. There is 
ample provision for sequence interlocking or 
remote indication through an adequate number 
of control circuit plugs. 


@ Write for I!lustration Sheet 


Starter units unplugged Rear view with 
and open for inspection cover removed ® 


EAC are the | ORIGINAL | Singlephasing Preventor People f f (). 
THE ELECTRICAL APPARATUS COMPANY LTD ST. ALBANS 
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FITTINGS, 
VALVES, 


PIPE FITTERS’ 
TOOLS, 


FABRICATED 
PIPES, 


HANDRAILS, etc. 


TUBES - FITTINGS > VALVES & PIPE FITTERS’ 


LONDON: 90-96 Union Street, Southwark, S.E.I...... 
*Phone: Waterloo 708! 


MANCHESTER: Poplar Works, Poplar Street, Viaduct 
Street, Manchester, II. *Phone: East 2458-9 


GLASGOW: 48 York Street, Glasgow, C.l........ 
*Phone: Central 1053-4 


ITTINGS VALVES..& PIPE FITTERS’ TOOLS - 
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COILS 


FOR HEATING, 
COOLING AND 
REFRIGERATION 


HEATING COILS 
For all systems, using 
steam or hot water. 


AIR-COOLED 
CONDENSERS 

A wide range of standard 
models, covering small 
and large air-flows. 


COOLING COILS 

Brine, Chilled Water 
and Direct Expansion 
Refrigerants including 
coils for Solvent Re- 


covery. 


14, TRINITY ST., LONDON, S.E.1. 


To individual 
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Heat Transfe 
Surfaces 


requirements 


Engineers and Contractors frequently 
need more than a standard service in heat 
transfer surfaces. 


We design and supply Heating & Cooling 
Coils, to the individual requirements of 
every branch of industry, and maintain 
the highest standards of workmanship 
throughout. 


Our customers enjoy a speedy and truly 
personal service backed by a fully 
qualified technical staff. Let us quote 
you promptly for your next contract. 
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The 


PRINCES PRESS 
Group 


Printed and published 


by 
THE CONSULTING ENGINEER PRINCES PRESS LTD. NUCLEAR ENERGY 
Detailed, profusely illustrated articles, news and 147, Victoria Street, All aspects of nuclear energy in industrial use, 
information. Monthly. 3/6d. (Postage 2/-) 12 Wiienieaeas science, medicine, education, etc. Monthly. 3/6d. 


issues 42/- post free. 


(postage 2/-) 12 issues 42/- post free. 
London, S.W.| 


Telephone: Victoria 6423 


HEATING & THE CIVIL ENGINEER 
AIR CONDITIONING Articles, news and pictures 
Lively, authoritative coverage andtradeand technical matters 
of trade and technical matters in the civil engineering field. 
in heating, ventilating and Monthly. 3/6d. (postage 2/-) 
allied fields. Monthly. 3/6d. 12 issues 42/- post free. 
(postage 2/-) 12 issues 42/- 


free. 


EUROPEAN 
ENGINEERING 

News, trade features and 
technical articles for buyers 
and sellers within Europe 
and from Europe to the 
rest of the world. A 
separate section for each 
Europeancountryor 
bloc. Alt. Months 3/6 
(postage 2/-); 12 issues 42/- 
post free. 


Power 

Plant 
| Pipework 
WORLD AIRPORTS : 
Articles and illustrated features 
covering all aspects of airport 
operation and maintenance, 
including construction, furnish- 
ing, equipment and facilities. 
Monthly. 2/6 (postage 2/-); 12 
issues 42/- including postage. 


STEWARTS AND LLOYDS LIMITED 


Also available... 
The Consulting Engineers Who’s Who & Year Book 196! 


Published in Collaboration with the Association of Consulting Engineers. 
In addition to Members’ and Firms’ Who’s Who sections, contains much 
other useful information. Cloth bound, 8vo. 42/- post free. 


Temperature & Degree Days—Season |959-60 


Monthly tables of official min/max/mean temperatures and degree days. 
Pocket Size. | /- post free. 


MATHEMATICS IS EASY—by D. S. Watt, BSc. pp. 488. PHYSICS IS EASY—by D. S.Watt, BSc, pp. 560. Figs. 123. 
Figs. 109. Cloth bound. 48s. net. With this book it is possible Cloth bound. 63s. net. Second in the ‘Easy’ series, bringing a 
to learn mathematics from the first equation to the most fascinating subject within the reach ofall. Profusely illustrated 
advanced calculus. with photographs and drawings. 
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Staff and 

Equipment 
work better 

with 


4 


Cool or warm filtered air! Whatever the 


weather outside, Tempair units provide 
perfect conditions inside so that your staff 
and equipment can work at full efficiency in 
office, factory, laboratory, etc. 

Low in price, high in efficiency ! To install 


ROOTES TEMPAIR 


AIR CONDITIONING 


Tempair units is easy — no major structural 
alterations needed—they can be fitted into 
existing windows. 

Models available from £125 
Send for details today 


TEMPAIR LIMITED 


ROMNEY PLACE: MAIDSTONE: KENT 
MAIDSTONE 55188/9 A Rootes Group Company 
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AD means ADVANCED DESIGN = 

A NEW DIVISION WITHIN THE UNBRAKO 
ORGANISATION DEVOTED TO NEW THINKING 
IN NEW MATERIALS 2 


Something new in the fastener world-— a 
division making the future its special 
concern. 


Using the latest high performance alloys 
such as ‘Nimonic’' and_ Titanium , 
UNBRAKO AD produce revolutionary 
fasteners that will be accepted as standard 
in years to come. 


Today, the men behind the achievements of 
modern industry naturally choose Unbrako 
fasteners. The inception of the Advanced 
Design Division is a logical step into their 
future. 


UN BRAKO-A D 


UNBRAKO SOCKET SCREW COMPANY LIMITED, COVENTRY. TEL : 89471 
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leave ab 


solutely nothing to chance 


Vokes ‘Absolute’ air filters were developed for use in the filtration systems 
of nuclear power stations. Since then, their exceptional performance 
(99-95% efficiency against impurities in the 0-1 to 0-5 micron range) has led 
to their installation in many critical applications. 

A unique feature of the Vokes ‘Absolute’ range is that each individual filter 
is tested under close supervision on the rig illustrated above which employs 
methods and equipment recommended in BSS. 2831. A cloud containing 
completely dispersed particles of methylene blue dust between o-1 and 1-0 
microns in size is discharged into the air-flow of a duct connected with the 
filter under test. Samples of ‘pre-filter’ spray are compared with samples 
taken downstream of the test filter and the degree of penetration accurately 
calculated. Test results are stencilled on the filter case. 

For full details of Vokes ‘Absolute’ range of filters please write for 
catalogue HJ. 


VOKES LTD - HENLEY PARK - 


Telephone: Guildford 62861 (6 lines) 
Telex: 8-535 Vokesacess, Gfd. 


The illustrations above show: 


1) Vokes ‘55’ ‘Absolute’ filter—99-95% 
efficient against sub-micronic particles. 


2) Vokes high temperature ‘Absolute’ filter 
—one of the special types with an efficiency 
of 99°99 % against sub-micronic particles. 


3) A Vokes 3-stage box type canister for 
use in extremely critical applications. 


4) Vokes ‘Unipak’, an inexpensive, com- 


pact and adaptable structure for housing 
‘Absolute’ filters. 


GUILDFORD SURREY 


Telegrams: Vokesacess, Guildford, Telex 
Rep d throughout the world 
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Balloons 


Mildura 


by John Loughlin 


IR samplings obtained by a 

series of upper air probes from 
a base in south-eastern Australia 
are helping United States and United 
Nations agencies maintain a global 
watch on radiation levels in the upper 
atmosphere. 

Five times a month, samples 
taken with balloon-borne filters are 
being sent to the U.S. Atomic 
Energy Commission for analysis to 
detect the presence of fallout and 
radioactive materials. 

The current series of  strato- 
spheric samplings, financed by the 
Atomic Energy Commission, began 
last December and will be continued 
at least until July. 

By agreement between the U.S. 
and Australian Governments, a base 
for this work has been set up at 
Mildura, in the State of Victoria. 
The base was manned initially by 
a joint team of American specialists 
and experts from the Australian 
Department of Supply, but the 
Australians quickly mastered the 
complex techniques for launching 
the balloons, ranging from 48 ft to 
90 ft in diameter and have now 
taken over the operation entirely. 


** Operation Hiball ”’ 


The balloon probes, called 
** Operation Hiball,” are linked with 
a separate upper air sampling pro- 
gramme, also based in south-eastern 
Australia, which the U.S. Air Force 
launched last October. For this 
programme three U2 reconnaissance 
aircraft and four JBS7s operating 
from the East Sale air base in 
Victoria, flew on air sampling mis- 
sions to within 100 miles of the 


Antarctic continent. 

According to a statement issued by 
the Australian Minister for Supply, 
Mr. Athol Townly, at the time, the 
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object was to detect the existence of 
plutonium, strontium-90 and caesium- 
137, all of which were considered 
potentially hazardous. The analyses 
would also detect strontium-89, 
cerium-144 and tungsten-185, which 
are useful in estimating the age of 
atmospheric debris. 


_UN Studies 


Information gained by examining 
material trapped by the filters in the 
U.S. Air Force’ missions and 
*“Operation Hiball” will be pub- 
lished, and will contribute to studies 
by the Scientific Committee of the 
United Nations in this field. 

United States and United Nations 
agencies would no doubt be anxious 
to throw light on a number of 
aspects of the radiation problem in 
the southern hemisphere already 
investigated in the northern hemis- 
phere by the more extensive monitor- 
ing facilities established there. 


H-bomb tests 


In their sampling for fallout, two 
questions would seem to be in mind. 
One is what, if any, radioactive 
debris survives in the atmosphere 
from the British atomic tests carried 
out in the southern hemisphere. The 
first of these was at the Monte 
Bello Islands, off north western 
Australia, in 1952 and further tests 
were staged in 1956 at Monte Bello, 
and at Maralinga base, on the 
southern Australian desert near 
Woomera. One other British device, 
an H-bomb, was exploded in May, 
1957, at Christmas Island, in the 
Central Pacific just above the 
equator. 

A further question that arises is 
whether fallout from the many tests 
carried out by the United States and 
the Soviet Union, and more recently 


The balloon has been launched. The 

instrument pack can be seen below the 

balloon, on the ground is the lorry which 
helped in the launching 


by France, has found its way into 
the great air circulation systems and 
the less known upper air streams of 
the southern hemisphere. 
Presumably, when the results of 
the studies of the air sampling 
programmes are made public, they 
will answer some of these questions. 
Meanwhile, the most recent re- 
port (for 1959-60) of the National 
Advisory Committee, a group of 
Australia’s foremost scientists, is of 
interest. The committee concluded 
that during 1959 the increase in 
fallout levels in Australia from 
nuclear weapon tests was one-tenth 
the increase of levels in the more 
densely populated regions of the 
northern hemisphere. Fallout levels 
stood at about a fifth to a quarter of 
those in the northern hemisphere and 
the committee commented that allow- 
ing for the most pessimistic set of 
assumptions, the radiation risks 
faced by Australians from fallout 
were insignificant compared with 
the “ normal daily hazards of life.” 
The task assigned to the U.S. 
Air Force team based on East Sale 
was to air test at different altitudes 


279 


= 
A 
e 
4, 
|| 


280 


NUCLEAR ENERGY—JULY, 1961 


Photographs by kind permission 0) U.K.A.E.A 


if it’s a matter of lead—it’s a 
matter for Graviner. 


GRAVINER is Britain’s foremost name for 
comprehensive service in lead for nuclear 
engineering. 

The design, manufacture and installation 
of complete HOT CELL plant is but one 
of their many specialised activities; another 
is the production of special purpose 
machinery such as Reactor sub- 
assemblies and Irradiation Rigs. 

Graviner are suppliers to the U.K.A.E.A. 
of 2”, 4”, 7” and 10” lead shielding systems. 


Illustration: Hot Cell Alpha Box. 


Graviner techniques and Graviner know- 
how ensure the perfect lead product, with 
the highest safety factor. 

Interlocking Bricks, Isotope Containers, 
Flasks, Windows and Handling Sphere 
Units—these are just some of the standard 
equipment Graviner make in the shortest 
possible time and at the lowest 
possible price. 


Illustration: a heavily screened bench, for chemistry 
with radioisotopes. 


Contractors to the U.K. Atomic Energy Authority 


GRAVINER MANUFACTURING CO LTD 


FAREHAM ROAD - GOSPORT - HAMPSHIRE 


Telephone Fareham 2511 
NEG 
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over the landless ocean region ex- 
tending to the Antarctic continent. 
Modified twin-jet JB57s were able 
to take samplings at altitudes of up 
to 40,000 ft while the high-flying 
U2s could operate at least up to 
70,000 ft. 

On the other hand, the unit 
based at Mildura is able to send up 
its balloon-borne sampling devices 
at frequent intervals over an initial 
period of about eight months to 
altitudes of up to 90,000 ft beyond 
the reach of manned aircraft. 

For its current requirements, the 
U.S. Atomic Energy Commission is 
maintaining only two such sampling 
stations—the one for the northern 
hemisphere is located at San Angelo, 
Texas. 


Climate 

Factors which dictated the choice 
of Mildura were the suitability of 
its climate for consistently success- 


ful balloon launchings and the flat - 


open terrain over a wide radius 
which facilitated the recovery of the 
payloads of instruments. 

Mildura is in the 10in. annual 
rainfall zone, but it is located on the 
banks of Australia’s greatest river, 
the Murray, and irrigation systems 
founded over 70 years ago by the 
Californian brothers, George and 
William Chaffey, have transformed 
the once arid area into an oasis of 
vineyards and citrus groves. 

Four American specialists from 
the firm of General Mills, Inc., 
contractors to the U.S. Atomic 
Energy Commission for the manu- 
facture of the polythene balloons 
and sampling devices, arrived in 
Australia last November. 

With the Australian Department of 
Supply team of 10 they set up the base 
at Mildura Airport where suitable 
buildings and an established meteor- 
ological station were available. They 
launched their first balloon, 48 ft 
in diameter, to an altitude of 48,000 
ft on December 18th. 

The effectiveness of the whole 
programme depends to a_ large 
extent on a highly efficient up-to-the 
minute meteorological prediction 
service. The launching crew must 
know in advance that conditions 
will be suitable for a launch, for the 
ascent, for the floating and air 
testing stage and the subsequent 
recovery of instrument payload. 

Before the dawn launching the 
station operated by the Bureau of 
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Balloon prepared for 
launching. The vehicle 
on the left is carrying the 
instrument load and will 
move forward under the 
balloon on_ launching 
so as to avoid any undue 
stress 


Meteorology maintains a constant 
watch on surface and upper air 
conditions. A _ special picturegram 
unit on the spot receives the latest 
weather charts from Melbourne com- 
piled from data recorded at weather 
stations all over Australia. Weather- 
men at Mildura, track meteorological 
balloons sent aloft to show what 
variations in wind direction exist 
at various altitudes. 


The launch 


Armed with this information, the 
balloon team plots the anticipated 
trajectory of the balloon before 
launching, and the ground recovery 
party is already planning its recovery 
operation. The surprisingly com- 
plicated launching procedure is clear- 
ly the result of much trial and 
frustrating error. The careful un- 
folding of the balloon bag as it is 
fed between restraining rollers and 
fills with helium, the meticulous 
deployment of the suspension har- 
ness of nylon upwind to the instru- 
ment payload mounted on a launch- 
ing vehicle, the sudden climax as the 
balloon is released and the vehicle 
rushes beneath it to release the pay- 
load without sudden stress, are all 
part of a well rehearsed performance. 
Then the balloon floats serenely 
upward with its gently swaying 
350 1b load of sampling filters, 
batteries, air pumps and motor, and 
equipment to record and transmit 
data on altitude, atmospheric pres- 
sure, and volume of air intake. With 
it go sets of emulsified photographic 
plates to record variations in cosmic 
radiation for Melbourne University’s 
Department of Physics. 

Once the balloon becomes air- 
borne it is tracked by a ground 
beacon and followed by a light air- 
craft equipped with direction finding 


equipment, and linked by radio 
with the ground station and the 
ground recovery party. 

At the appointed altitude the air 
pumps automatically begin drawing 
in air through the filters. Sampling 
continues at level flight for 30 to 
40 minutes. Then the motors auto- 
matically switch off, and the instru- 
ment payload is released and drifts 
slowly to earth by parachute, closely 
observed by the spotting aircraft. 

Most of the landfalls in ** Opera- 
tion Hiball’’ have occurred in the 
region of 100 miles from the control 
station, but in one 89,000 ft flight, 
the recovery team had to travel over 
400 miles to reach the instruments. 

Up to mid-February the ** Opera- 
tion Hiball * team had achieved the 
creditable record of 100 per cent 
recoveries, thanks to the favourable 
terrain, excellent meteorological 
services and as they put it, “a little 
bit of luck.” / 


HALDEN 
REPORT 


THE Steering Committee for the 
Halden (Norway) Boiling Heavy 
Water Reactor Project has recently 
published the Second Report on the 
Project. The reactor first achieved 
boiling in October, 1960. 

The First Report covered the 
preliminary period of joint operation 
and was presented to the ENEA 
Steering Committee in November, 
1959. The Second Report now 
published covers technical progress 
from November Ist, 1959 to Decem- 
ber 31st, 1960 and also gives a full 
detailed description of the reactor 
installation and the general admini- 
stration of the Project. / 
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Classroom 
and 
Laboratory 


No. 54 An experiment on particle 
scattering 


Dr. William Bertozzi and Dr. 
P. T. Demos, U.S.A. 


In this experiment which illustrates 
particle scattering, hardened steel 
balls are shot at a hardened steel 
cylinder in a plane perpendicular to 
the axis of the cylinder. Each ball 
bounces off the cylinder and strikes 
a piece of paper, leaving an indenta- 
tion whose position enables us to 
determine the scattering angle @ 
through which the ball has been 
deflected. From measurements of @, 
the impact parameter 5, and the 
radius of the ball, together with cer- 
tain assumptions about the scattering 
process, the radius R of the cylinder 
may be found. Thus, the size of the 
cylinder is measured indirectly by 
observing the angular distribution 
of the scattered balls. The experi- 
menter can compare his results with 
prediction based on specific assump- 
tions about scattering, and can 
arrive at definite quantitative con- 
clusions about scatterers. Some of 
the most interesting and significant 
results are obtained when the scatter- 
ing is not elastic, and energy is 
transferred to the scattering par- 
ticles in such a way that it reveals 
details of their internal structure. 

In the diagram the ball shown is 
just colliding with the cylinder. The 
line LL’ is parallel to the tangent to 
the cylinder at the point of contact. 
Assuming frictionless and elastic col- 
lisions, the angles p’B” made by the 
initial and final velocity vectors with 
LL’ are equal, then: 

—0/2. . (i) 
The scattering angle @ and the impact 
parameter + are related, then, by the 
equation: 

Cos 6/2=b/(R-+-r) . . (ii) 
Several shots are made for each 
value of 6, and after each shot the 
dent in the paper is located and 
marked carefully. The impact para- 
meter is indicated for each grouping. 
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Arising out of a proposal by Dr. F. R. Paulsen, at a Council Meeting of 
the Institution of Nuclear Engineers, several hundred teachers of nuclear 
science were asked to report on simple apparatus and methods used or 
those which might be useful for practical demonstrations in instructional 
courses. The response was enthusiastic. From all parts of the world, 
from teachers in Universities, High Schools and Colleges, from research 
workers, manufacturers and public relations experts, have come many 
ideas. As a service to teachers, and also to other workers in nuclear 


fields, we are now publishing the many suggestions put forward. 


Each 


suggestion carries the identity of the person who put it forward, and 

also a reference number. The latter will facilitate enquiries sent in 

by readers requiring further information. Readers are invited to submit 
suggestions for inclusion in this feature 


It is advisable to wear protective 
shields when performing this experi- 
ment, to guard against the effects 
of a ricochet. Best results are ob- 
tained when the hose of the squeeze- 
bulb used for firing the balls is 
straight and when the balls are not 
fired too hard. 


The angle @ is determined, so that 
the second equation above (ii) is 
verified. Only the angle ¢ can be 
conveniently measured directly. After 
all the trials for various values of b 
have been completed, the paper is 
spread out on a flat surface, and the 
arc length AB is measured. Now, 
since we have ¢=AB/S, we get fur- 
ther the equation: 


Sin (6—8)— re} Sin 
where Sin a=h/(R+r) . (iii) 
This can be rearranged in the form: 


ton 


Cos ¢+- 5 Cos a 


. (iv) 


In order to find the angle ¢ we must 
know (R-+r). Provided (R+r)/S is 
small, then equations (ii) and (iv) 
will allow the value of (R-+r) to be 
found from observed data. If 
(R+r)/S<l, angles 6 and ¢ are very 
nearly equal. Suppose, for example, 
S=38cm, and (R+r)=3cm, and 
since Sin (0+ «) cannot exceed unity, 
then Sin(¢—@) can never exceed 


Scattering cylinder 


0.08, so that ¢ and @ cannot differ 
by more than about 5°. Now 
(Cos ¢/2) is plotted against the im- 
pact parameter b, and from the slope 
of the curve a first approximation to 
(R+r) is found. The equation (iv) 
gives us now a second approximation 
to the angle @. Now, Cos (6/2) is 
plotted against b, and this gives a 
second approximation for (R+r). 
This procedure is followed until 
(R+-r) as computed from equation 
(ii) does not vary significantly from 
one approximation to the next. It is 
also possible to get a first approxima- 
tion to (R-+-r) by assuming 6= ¢, and 
then the intermediate stages are by- 
passed, using a directly measured 
value of (R+r) to compute the 
value of each angle 6. 


No. 55 Detection of atmospheric 
radon 


Radon, a daughter product from 
radium, is seldom mentioned as con- 
tributing to natural background. It 
is constantly replenished, and decays 
with a half-life of about four days to 
give longlived daughters which emit 
penetrating beta and gamma radia- 
tions. Since radon is an alpha 
emitter, it is best detected by means 
of an electroscope or by photo- 
graphic methods. 

An electroscope is charged and its 
background drift rate determined 
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over a sheet of the filter paper which 
is to be used in the experiment for 
collecting the radon. 

The filter paper is fixed over the 
intake tube of a vacuum cleaner by 
being fitted over the tube end and 
anchored by a strong rubber band or 
with Scotch tape. Air is drawn 
through the paper for half an hour. 
The filter paper is then removed, a 
pencil mark made around the edge 
of the area over which the radon has 
been trapped, and the drift rate again 
determined. 


No. 56 A simple spinthariscope 
F. R. Paulsen, U.K. 


Enough of a hot 20 per cent. uranyl 
nitrate, 5 per cent. gelatine solution is 
made to nearly fill a Petri dish, and 
allowed to set. A 6in. square of 
cheesecloth (or similar) is soaked in 
gum-arabic solution, then sprinkled 
with zinc sulphide powder. The 
cloth, after being stretched over the 
Petri dish, is allowed to dry. The 
cloth may be secured by means of 
paraffin wax. In the dark, by means 
of a magnifying glass, flashes on the 
zinc sulphide screen indicate arrival 
of alpha particles from the uranium. 


No. 57 The iodine-iodide 
equilibrium 


From the 1952 Summer Con- 
ference of the New England 
Association of Chemistry 
Teachers in the U.S.A. 


Four equal portions of a potassium 
iodide solution, about 0.01 g each, 
are placed in separating funnels, and 
two portions are labelled with 5 
microcuries of I131. One spiked 
and one inactive sample will be 
oxidized with hydrogen peroxide, 
the iodine being extracted by carbon 
tetrachloride. The spiked iodine is 
drawn off into the inactive iodide, 
and vice versa. After a brief period 
of shaking, the layers are separated 
and the gamma activity of the four 
portions is determined. The equal 
distribution of activity in these 
demonstrates the dynamic nature of 
the iodine-iodide equilibrium. 


No. 58 Isotope Uptake by incised 
leaf-tip 


One problem in this experiment 


arises from the fact that one is dealing 
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A simple spinthariscope 


with altered or damaged tissues, and 
that transpiration must con- 
sidered. The plants used are two 
coleus or geranium plants 6-8 in. 
tall. The solutions are contained in 
four empty, clean, half-pint paper 
milk cartons. The last one-fifth of 
a large leaf tip is cut away and this 
leaf is immersed with the cut edge a 
short way into the radioisotope 
solution. The folded tops of the 
small milk cartons are cut away to 
make waterproof containers. To 
150ml of phosphate carrier 5°0 
microcurie of P32 is well mixed, and 
in this nutrient the plant parts are 
immersed. The roots of the plant 
should be held in a non-radioactive 
solution in a similar carton, while 
the cut leaf is inserted into the radio- 
active solution. Transport of the 
radioactive material is compared 
with that taken up by the root or 
stem or foliar application. Fluids 
taken up in this experiment replace 
those lost in transpiration and the 
P32 is merely carried along with the 
water. The transpiration rate should 
be compared with that determined by 
other methods, such as that in which 
the movement of an air bubble is 
measured. 


No. 59 A simple spinthariscope 


Commercial mucilage is diluted with 
an equal volume of water, and ap- 
plied to a square of Saran or similar 
wrapping material, to give a clear 
thin film. While this film is still 
moist, powdered zinc sulphide is 
sprinkled on to it, through a thin 
piece of gauze, care being taken to 
ensure even distribution. The film is 
now dried. Two double convex 
lenses are fitted inside a cardboard 
tube (that from a toilet roll will serve 
the purpose well.) The principal 
focus should be about '/,, in. from 
the opposite end of the tube. The 
zinc sulphide screen is secured to 
that end of the tube opposite the 


lenses, the screen side facing the lens 
system. The screen is held in by 
Scotch tape. Two “dishes” are 
made from aluminium foil. One is 
used to cover the eyepiece lens when 
the instrument is not in use. The 
other contains the radioactive ma- 
terial which is held against the back 
of the zinc sulphide screen. The 
source of alpha particles is a 
powdered Welsbach or similar gas- 
mantle, evenly spread into the sample 
dish, and retained by some mucilage. 
The spinthariscope should be taken 
into the dark, with the alpha particle 
source applied to the back of the 
screen. The scintillations are twink- 
lings of greenish light. The radio- 
active source may also be a minute 
or hour hand from a discarded bed- 
room clock, and in this case even 
the zinc sulphide screen may be 
omitted. 


No. 60 Chromatographic separa- 
tion of radium-D, E and F 


Fausto W. Lima, Brazil. 


Strips of No. | Whatman paper, 
2.5 x 40-50 cm are used. To a pencil 
mark in the middle of each strip, 
5cm from one end, the solution of 
Ra-D, -E, -F is applied, 0.01 ml 
being used. This solution may be 
prepared by dissolving a spent radon 
seed (in its gold capsule) in 0.4 ml 
of aqua regia. The end of the paper 
is placed in a glass trough about 
20 cm in diameter, so that the solu- 
tion spot appears about 2cm from 
the edge of the trough. The trough is 
placed so that it rests in the enlarge- 
ment or flange at the end of an 80 cm 
length of 20cm diameter stoneware 
drainpipe. The other end of the 
pipe rests in a tray containing 
butanol saturated with 3N HCI. 
Three or more paper strips can hang 
down simultaneously. A glass sheet 
is placed over the top end of the pipe, 
after the trough has been filled with 
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the butanol-HCl mixture. After 18- 
22 hours, the paper strips are 
removed and dried. The solution 
used was a saturated solution of lead 
nitrate tagged with the Ra-D, -E, -F, 
and acidified with nitric acid to pH 
2.5. The activity used was about 
0.3-0.4 microcurie/ml. 


No. 61 Science demonstration sets 


Education Supply Association, 
Ltd., London. 


Designed by Dr. Lindstrom of Nord- 
stedt Skolavdeling, Stockholm, Swe- 
den, these very valuable Science 
Demonstration Sets are much in 
demand by science teachers in 
schools and colleges. Each set, with 
a slight resemblance to a Meccano 
set, is in a stout wooden box, and 
constitutes a portable miniature 
laboratory, the parts being readily 
assembled for demonstration and 
student experiments. Costing £28 
10s., the General Physics set is de- 
signed for about 50 experiments on 
gravity, friction, pendulum problems, 
pulleys, levers, mass, volume, den- 
sity, gases and liquids, and pumps. 
There are similar sets for Heat and 
for Light, and especially useful for 
teachers of atomic physics is the set 
for Magnetism and Electricity. This 
set costs £28 10s., and its possi- 
bilities are extended by Electricity 
Set 2, which includes telephones, 
loudspeakers, thermionic valves, and 
equipment suitable for quantitative 
electrical work. 


No. 62 Uptake of nutriment by 
plants 


Ralph T. Overman, David L. 
Coffey and Lowell A. Muse, 
U.S.A. 


About 80 microcuries of P32, in 
100 ml of water, together with | g 
of sodium phosphate, is used as the 
culture medium for a small tomato 
plant, the clean roots of which are 
in the solution. A GM _ dosimeter 
is used to survey the leaves of the 
plant, the count-rate increase being 
established by counts taken at 15-30 
min. intervals. After 2} hrs, the 
plant is taken from the solution, 
the roots are cut off and rejected, 
and the remainder of the plant 
is enclosed in a plastic bag and 
placed within an X-ray exposure 
holder. An X-ray film is placed 
below the sample (in the dark-room, 
of course), and the folder is closed 
and sealed light-tight. The film is 
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developed after six hours, and shows 
the distribution of P32 in the plant. 


No. 63 A study of diffusion 


United States Atomic Energy 
Commission. 


This experiment shows the diffusion 
of iodide ions into a solution of 
potassium iodide. Into a 500ml 
graduated cylinder 500 ml of 2N KI 
are poured. At the bottom of this, 
solution is layered carefully from 
a long pipette 25ml of 2N KI 
containing 10 microcuries of 1131. 
The activity of the solution is record- 
ed at once, the counts per minute 
(c.p.m.) being determined by means 
of a GM probe held at the 0, 
50, 100, 200, 300, 400 and 500 ml 
levels, corrections for background 
being applied. Similar readings are 
taken after 1, 4 and 15 days. Finally 
the solution is stirred and the readings 
again taken. 

The readings show that diffusion 
is noticeable after 24 hrs, and is 
virtually complete after 4 days. After 
complete mixing, the top and bottom 
readings are lower than the others. 
This is the result of the lower geo- 
metric efficiency when the GM 
probe is held at the extreme ends of 
the cylinder. 


No. 64 Phosphorus up-take by 
spores of a mould 


About 100 ml of potato dextrose- 
agar culture medium is prepared by 
macerating a potato and adding 
50g to commercial dextrose-agar 
which is then made up according to 
the manufacturer’s directions. About 
20 ml of this medium is poured, 
while still hot, into each of five 
Petri dishes. Before the agar hardens, 
2:5 microcurie of P32 solution is 
added to each of four of the Petri 
dishes, the fifth being kept as an 
inactive control. Each of the plates 
is swirled gently to assist homo- 
genization, and the dishes are then 
cooled until the medium becomes 
hardened. Counts are taken of 
each plate. 

The black mould found on old 
bread, Rhizopus nigricans, is used as 
the test organism. By _ blowing 
across the mouldy bread one can 
direct spores from the black sporangia 
on to the Petri dishes, which are 
then kept at room temperature for 
culture. 


A count is taken on each of the 
radioactive dishes at regular inter- 
vals, the count rate in s.p.m. being 
recorded for each plate and plotted 
against time. When mature spor- 
angia are produced, some of these 
are removed by touching them with 
a short length of Scotch tape, 
the sticky side of which adheres to 
the spores. The total number of the 
spores is counted under the micro- 
scope. The radioactivity of this 
material is determined by placing 
the spores very close to the GM 
tube and the time taken for a count 
of 6,000 is estimated. The c.p.m. 
per sporangium is thus estimated. 
Data from the four dishes are 
analysed statistically, or an average 
activity is calculated. Should a 
reasonably high count be recorded, 
some of the sporangia should be 
seeded on to new culture medium in 
Petri dishes. After reculture, the 
new mucelia, hyphae and environ- 
ment may be examined for radio- 
activity. 


No. 65 Radiometric analysis for 
potassium 


Potassium is frequently included in 
mixtures given as qualitative “* spots ” 
to chemistry students. It is an 
instructive exercise to prove the 
presence of the potassium radio- 
metrically. The specific beta activity 
for KCl is 0-919  d.m.p./mg. 
GM _ counter efficiency for the 
K40 beta particles is about 25 per 
cent. Thus, 25mg of KCI mixed 
with other ingredients should give 
about 10 c.p.m. above background. 
This activity is statistically significant 
and easily detected by counting over 
a period of five minutes. 

The sample, if a_ solution, is 
evaporated to dryness on a small 
watchglass or planchette. The weight 
need not be determined. The c.p.m. 
is determined close to the GM 
tube, and corrected for background. 
The presence of detectable radio- 
activity in the sample may be taken 
as presumptive evidence of potassium 
in the unknown, provided there is 
no contamination with elements of 
high atomic weight as_ natural 
emitters, or elements rendered radio- 
active through nuclear reactions. 

As an extension of this experiment 
the student might determine the 
fraction of normal potassium which 
is actually K40. The 47 value for this 
nuclide is 1-2 10° years. 
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No. 66 Radiation and the chromo- 
somes of Tradescantia 


Immature flowers of Tradescantia 
are used in this experiment, the 
form T paludosa being quite suitable. 
In one series the flowers are ir- 
radiated with a 250kV X-ray machine 
at an exposure level of 420r, fixed in 
a mixture of acetic acid and alcohol, 
and stored in 70 per cent. alcohol. 
In the other series, the flowers are 
controls which are similarly treated 
except that they have not been 
irradiated. In Tradescantia, chromo- 
some morphology best be 
studied during the nuclear division 
in the microspore giving rise to the 
generative and tube nuclei of the 
mature pollen grain. Smears of 
microspores from both series of 
flowers stained with aceto-carmine, 
will be used. The preparation is 
according to the following schedule: 

A bud about 4 mm long is placed 
on a slide, the petals and sepals 
being carefully dissected off. The 
stamens are isolated, and the anthers 
are separated from the filaments, the 
latter being rejected. The anthers 
are placed in a small drop of aceto- 
carmine stain and crushed with a 
needle, the anther tissue being re- 
moved to leave the microspores in 
the centre of the slide. Avoiding 
air bubbles, place a cover-slip on, 
and place the slide for 45 sec on the 
mouth of a one litre Erlenmeyer 
flask in which water is boiling. The 
slide is now removed and blotted 
between Kleenex tissue, with gentle 
pressure. To the edge of the cover- 
slip is added a drop of 45 per cent. 
acetic acid, and the flask is again 
used for heating the slide for 10-15 
sec. Again Kleenex is used for 
blotting. The slide is then examined 
under the microscope, using low 
power, then high power. This is 
repeated until good differentiation 
has resulted. The chromosomes 
should be seen as stained, separated 
and transparent, but clearly defined. 
The cytoplasm should be virtually 
unstained. The slide is now sealed 
with a mixture of paraffin and bees- 
wax applied to the edge of the cover 
slip to prevent evaporation. When 
satisfactory smears have been made 
a comparative study of mitosis in 
both irradiated and control material is 
made. All stages of mitosis can 


usually be found. In the irradiated 
material it should be possible to 
find the following: 


(i) terminal 
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chromosome deletions, as rounded, 
short structures adjacent to other 
chromosome structures: (ii) inter- 
calary deletions, many pieces having 
their ends joined to form ring- 
shaped structures; (iii) chromosomes 
with two or more attached regions 
or centromeres. Each chromosome 
normally has only one such region, 
appearing as a non-staining con- 
striction which in this plant is 
typically equidistant from the ends 
of the chromosome. Comparative 
drawings of the cells in metaphase 
from both irradiated and control 
material should be made, large 
enough to be informative. 


No. 67 Calculating no-screen 
X-ray film exposure time 


For successful radioautography it is 


‘essential to know the correct ex- 


posure required for a given amount 
of radioactivity deposited in or on 
a given biological material. The time 
is a function of the c.p.m. and the 
area of the end-window of the GM 
tube being used. 

Suppose the end-window of the 
tube has a radius of 1-Scm. Then 
the receptive area is 3-14 (1-5). 
=7-07 cm*. Suppose the biological 
material, after being dried and pressed, 
gives a count-rate of c.p.m./cm?. 
If the material is as large as the 
end-window, then the registered 
c.p.m. will be ¥/7-07. Suppose, for 
example that XY is 7,070 c.p.m., 
then the count rate is 7,070/7-07 
= 1,000 c.p.m./cm?. 

The suitable exposure for a No- 
screen X-ray film may be taken as 
10° to 108 photons, so that the 
exposure time will be given by 
10°/c.p.m./cm? or in the given ex- 
ample, 10°/10?=10% min, or about 
164 hours. The activity range in 
biological material will probably 
vary widely from area to area, and 
it may be difficult to choose a portion 
as a guide to selecting a suitable 
intermediate level of activity. This 
problem does not arise when the 
material has a surface area smaller 
than that of the GM window. The 
biological material chosen should 
show the greatest movement of 
radioactive isotope to give a dense 
image. If desired, the material may 
be sandwiched between two X-ray 
films. At the end of the calculated 


exposure period, the top film is 
removed, developed and evaluated 
in terms of how much longer the 
bottom film has to be exposed in order 
to give a good exposure. The same 
exposure and development schedules 
are to be followed for all materials 
in a given experiment, or course. 


No. 68 Electroplating 


United States Atomic Energy 
Commission. 


It is the object of this experiment to 
show that the atoms which are 
electrodeposited during electrolysis 
of a solution come first from the 
solution, and then from the anode, 
to be deposited on the cathode. 

A bath of inactive cobalt nitrate 
is made by dissolving 40g of the 
salt in 75 mls of water and 25 mls of 
concentrated ammonia solution. A 
radioactive anode is now prepared 
as follows. The plating bath is made 
as above, but with the addition of 
1 ml of Co60 solution (from National 
Bureau of Standards), and a copper 
square is used as the cathode, the 
anode being a graphite rod placed 
2in. from the cathode. With a 
current of 0-05 amp, electrolysis is 
continued for 30min, so that the 
copper cathode gives a reading of 
about 1,200c.p.m. with a GM 
counter. This copper is now used 
as anode in the cobalt nitrate 
(inactive) prepared as above, the 
metal sheet being about | in. square 
and it is placed in the bath, another 
copper plate of the same size (but 
inactive) being used as the cathode. 
The plates must be about 4 in. 
apart. Electrolysis is carried out 
at 0-OSamp using a 6v dry cell. 
The radioactivity of the cathode 
and the bath is determined at 15 sec 
intervals. typical experiment 
showed that there was a_ slight 
black deposit after 30sec on the 
cathode, but no radioactivity was 
detected on the cathode until 2 min 
had elapsed. Even then, this was 
only slight. During the same period 
the activity of the solution in- 
creased. The activity on the cath- 
ode was proportional to the ratio of 
the active to inactive cobalt in 
solution. This means that cobalt 
atoms which are first plated out on 
the cathode, come from the solution, 
and that these are replaced by 
cobalt ions from the anode. /\ (A A 
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Berkeley Nuclear Laboratories 


ITH the recent opening of 

Berkeley Nuclear Laboratories 
the CEGB will now be making a 
large direct contribution to research 
for the Nuclear Power Station Pro- 
gramme in this country. In all the 
CEGB has already spent about £2m. 
in building the laboratories which 
provide a total floor area of 100,000 
sq.ft. Considerable provision has 
been made to meet requirements for 
future expansion with the minimum 
of inconvenience and expense. The 
laboratories come under the control 
of the Research and Development 
Department of the Board which was 
established with the setting up of a 
comprehensive nuclear power lab- 
oratory as one of its objectives. 

Berkeley was chosen as the site for 
the laboratories for a number of 
reasons, it is next to one of the first 
civil nuclear power stations, two 
major cities are within easy reach, 
the area is suitable for future nuclear 
development and last but by no 
means least in this age of emigrating 
scientists, high grade technical and 
scientific staff can be attracted to the 
region comparatively easily. 

Despite the huge amount of effort 
which has already been put into re- 
search on civil nuclear power stations 
in this country the fact still remains 
that the answers to many important 
questions are still required. Clearly, 
now that the civil power nuclear 
programme is on the verge of pro- 
ducing results, the answers to these 
questions will soon be of vital im- 
portance to the CEGB. It is, there- 
fore logical that the Board should be 
provided with the means of solving 
their own particular problems. To 
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make the nuclear power stations 
which are at present being built work 
economically and to develop im- 
provements for the next generation 
much intensive work is planned by 
the Board on the nuclear reactor, 
materials, physics and engineering. 

To deal with the various aspects 
of its work the laboratory has been 
divided into three divisions, 
Materials Division, Physics Division 
and Engineering Division. The 
Materials Division has some of the 
most advanced equipment in the 
world for examination of radiation 
damage to materials from a reactor. 
Interest is concentrated on two 
problems, damage to permanent con- 
structional materials, especially steel 
and graphite and the behaviour of 
fuel elements. It is essential that the 
constructional materials shall give 
maximum service life and that the 
fuel elements should last as long as 
the effective life of the uranium they 
contain. 


Physics Division 

Physical aspects of nuclear power 
generation are the responsibility of 
the Physics Division. Much further 
work is required on core reactor 
physics; this will be carried out at 
Berkeley on exponential assemblies 
of graphite and fuel elements. 
Physics Division will also carry out 
a very extensive programme of 
measurements on graphite samples 
from all the Board’s reactors. The 
object of the Board is to establish 
the integrity of reactor cores and to 
ensure that the maximum life con- 
sistent with complete safety is ob- 


tained from each reactor. Other 
work to be done concerns problems 
arising in nuclear instrumentation, 
high energy gamma ray dosimetry 
and intermediate energy neutron 
measurements. 

Engineering problems will be ex- 
amined in the Engineering Division 
which has been equipped with rigs 
for studying heat transfer properties 
and mechanical endurance of fuel 
elements under full reactor con- 
ditions of temperature and pressure. 
Mechanical tests are to be carried out 
on pressure circuit components and 
the complex stress systems involved 
will be studied. 


Safety 

Safety is one of the keynotes of the 
laboratories, stringent precautions 
are in force at Berkeley itself and 
much of the work carried out will 
be designed to increase or at least 
ensure the maintenance of safety 
standards at all of the Board’s 
nuclear power stations. A Health 
Physics group has been set up at the 
laboratories to safeguard personnel. 

Much of the work to be done at 
Berkeley, especially by the Materials 
Division involves the handling of 
highly radioactive materials. Be- 
cause of this a shielded area has been 
constructed at the laboratories, main- 
ly for the use of the Materials Division. 
Entry to the shielded area and the 
laboratory wing is through change 
rooms, all personnel put on pro- 
tective clothing which is later washed 
in the adjacent laundry. An air 


conditioning system supplies warm 
fresh air to the buildings and later 
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extracts it through extremely effective 
filters which remove all radioactivity 
before discharge through a 75ft 
high chimney. In this system a 
slight negative pressure is maintained 
inside the buildings. All drains from 
radioactive areas lead to hold-up 
tanks where effluent is effectively 
freed from any traces of radioactivity 
before discharge. 


Shielded Area 


The shielded area is about 180 ft 
long by 100ft wide, it has been 
designed to enable easy handling of 
fuel elements and reactor test speci- 
mens. On removal from a reactor, 
fuel elements are encased in outer 
cans, up to 30 of which are enclosed 
in a large shielded flask for transport. 
At the laboratories these flasks will 
be unloaded straight into the pond 
in the shielded area. 

Each flask contains up to Im. 
curies of radioactive material which 
in the course of examination will 
be reduced to specimens with an 
activity as small as one curie. The 
flasks are opened in the pond, as 
required, under about 20 ft of water, 
an element is withdrawn and trans- 
ported on a conveyor through a 
shielded tunnel into the first of a set 
of three caves. 

Observation of the caves is pro- 
vided through lead glass windows 
filled with zinc bromide solution, 
and shielding is by 4 in. thick steel 
and 5 ft thick concrete walls. Each 
cave measures 9 ft square by 14 ft 
high, is separated from its neighbour 
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View of laboratories showing the Engineering Hall on the left 


by a 2jin. thick power driven 
sliding panel and any one cave can 
contain an activity of 50,000 curies 
with 10,000 curies in each of the other 
two caves. Concrete sliding doors 
give access to the maintenance area 
at the rear. 

Operations within the caves are 
carried out by remote control, 
manually operated, remotely con- 
trolled manipulators are provided for 
each cave. The power-driven mani- 
pulator which runs on overhead 
rails through all the caves can be 
connected to the emergency electrical 
system in the event of a power 
failure. 

In the first cave the fuel element is 
inspected visually after being remov- 
ed from its container. In the second 
cave it is inspected with metrologic 
and radiographic equipment. The 
last cave is equipped with leak 


* detection equipment. Having under- 


The pond in the shielded area into which large flasks containing up to 30 fuel elements are 
unloaded 


gone this first preliminary exami- 
nation the element is returned to 
the first cave where two cutting 
machines remove the alloy can. The 
uranium bar is then sectioned and 
moved to the third cave for the 
separation of specimens for mechan- 
ical tests and metallographic ex- 
aminations. 

A shielded railway then takes the 
specimens to a set of nine cells at 
right angles to the caves. In these 
cells the shielding is such that when 
one cell contains S500curies of 
activity each of the others can con- 
tain 100 curies. The shielding mat- 
erials consist of concrete, steel and 
lead. 


Cell Utilization 


Two of these cells are used for 
machining operations on test speci- 
mens, a third houses an Instron 
tensile testing machine and another 
is used for metrology. Other cells 
are devoted to steel specimen monitor- 
ing, an encapsulating rig for sealing 
specimens in silica several 
furnaces for subsequent heat-treat- 
ments. Two more cells are used for 
general work and for carrying out 
short term experiments and the last 
one for storage and general de- 
contamination work. 

A number of lead boxes have been 
provided near the cells for work on 
specimens of less than one curie 
activity. They are used mainly for 
metallographic examination and 
testing and for small-scale physical 
chemistry. The lead boxes are 
contained in cubicles with access 
from the cell operating area, they 
are designed for operation from two 
sides. The ventilation systems for 
the caves and cells on the one hand 
and the operating areas on the other 
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are separate. Before discharge the 
air passes through several filters; 
a fire-proof filter inside the cave, a 
flame-proof absolute filter immediate- 
ly outside and a second flame-proof 
absolute filter in the plant room. 
Similar precautions are taken with 
the gaseous effluent from the cells, 
lead boxes and operating areas. 

Liquid effluent from the caves, 
workshop and_ decontamination 
centre is treated with flocculation 
precipitation before being mixed 
with low activity effluent from other 
areas. 

The laboratory wing is a three- 
storey building, intended mainly for 
the use of the Materials Division but 
which also includes the solid state 
physics and graphite sections of the 
Physics Division. Investigations will 
be carried out in this wing into the 
behaviour of reactor materials. 

The engineering hall is situated on 
the south side, is 160 ft long by 115 ft 
wide. The hall contains a number of 
laboratories as well as the main 
workshops and rigs. The hall con- 
tains most of the facilities for the 


Discussion on 
‘‘Nuclear 


Dr. Paulsen: | was rather inter- 
ested to hear your remarks about the 
curtailment of support for further 
teaching reactors in the United 
States, and I wondered to what 
extent the firms who manufacture 
these reactors are aware of that. 
Secondly, I wonder what you con- 
sider to be a rational number of 
teaching reactors in the U.K? 

Dr. Grassam: To answer the 
second question first, | would say 
certainly not more than six. Regard- 
ing the first part of the question, | 
should imagine that the firms con- 
cerned read the literature and | 
cannot see how they could fail to 
appreciate this point. 

Dr. Paulsen: | take it, therefore, 
that the major source of their 
market is overseas. 

Dr. Grassam: They would hope so. 

Capt. Atkins: Where would Dr. 
Grassam like the reactors precisely ? 


The paper by Dr. Grassam was published 
in our January, 1961 issue, page 19. 


288 


NUCLEAR ENERGY—JULY, 1961 


Physics Division and also those for 
the Engineering Division. 

The hall has been designed to 
manufacture all the rigs and equip- 
ment required in the laboratory. Two 
exponential assemblies are to be 
erected on the floor of the hall to 
investigate absorber design and the 
effect of vacancies in reactor lattices. 
The heat transfer properties of fuel 
elements will be investigated in 
two specially constructed rigs. Fuel 
element cans fitted with electric 
heaters are placed inside these, and 
cooled with atmospheric air. A 
closed circuit pressurized rig, cooled 
with carbon dioxide, is shortly to be 
added for heat transfer studies under 
reactor conditions. A rig has been 
built for endurance tests on fuel 
elements which contains a dummy 
channel in which complete fuel 
elements can be tested. 


Visual rig 

A visual flow rig has been con- 
structed in which water, loaded with 
fluorescent dye is pumped past a 


fuel element held in a Perspex tube 
to demonstrate fluid flow patterns 
around the element. Three rigs have 
been designed for measurement of the 
force required to push off an end 
cap under a variety of representative 
temperature and pressure conditions. 

Thermal cycling effects in fuel 
elements are to be studied in a 
group of four rigs, three of which 
provide slow rates and one fast rate 
of thermal cycling. Rigs have also 
been built for investigating mechanic- 
al effects of fin vibration and fuel 
swelling. Seal test rigs have been 
installed to investigate the behaviour 
of O-rings. 

Berkeley Laboratories have cost 
the CEGB a large amount of money 
but there can be little doubt that in 
return the Board will achieve con- 
siderable savings in the future as a 
direct result of work to be carried out 
at Berkeley. In addition to this, the 
safety factors at civil nuclear power 
stations will become progressively 
larger and more reliable as_ the 
results of research at Berkeley find 


Reactors in Universities” 


Dr. Grassam: I would like one. 
—TI think a reasonable distribution 
throughout the country could be 
achieved on a north, south, east and 
west regional basis. 

Mr. Shaw: One in _ Scotland, 
one in England, one in Wales, one 
in Northern Ireland and one in 
Southern Ireland (laughter). Can 
you say where teaching reactors are 
being planned for the future? 

Dr. Grassam: The places which | 
know are planning to have reactors 
are Queen Mary College, London, 
the Imperial College, London, 
Manchester and Liverpool Uni- 
versities with a combined one, 
Glasgow and Southampton Uni- 
versities. Those are the places 
which I know have definite plans. 
On tentative planning | know that 
a number of these have applied for 
licences to have a reactor on a 
particular site, but no financial 
provision has yet been made to have 
any reactors at all. All that has 


by N. S. Grassam 


happened is that applications have 
been made for sites to be licensed. 
It does not mean that you have 
permission to have a reactor. We 
are awaiting a Government decision 
on this, and you may, if you read 
Parliamentary debates, have noted 
the Minister of Power stalling in 
his replies to questions on this matter 
on several occasions recently. 

Mr. Wyatt: I wonder if you can 
tell me if there have been any 
approaches from the universities 
to industry in this country, bearing 
in mind particularly facilities in the 
States. Industry in this country has 
relatively few critical facilities of 
their own, or any facilities at all for 
that matter. I think this is ridiculous 
as many big firms have their own 
facilities in the States. Have any 
approaches been made to fill any 
requirements which industry in this 
country might have? 

Dr. Grassam: The only two compan- 
ies in this country which have 
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for themselves in 
of Alder- 


built reactors 
this country are AEl 
maston and the Hawker Siddeley 
Nuclear Power Company, who built 
the JASON reactor at Slough. As 
far as universities are concerned, 
one of my points is that universities 
are unlikely to make use of facilities 
at a distance. I would hope that 
when universities have reactors they 
will be able to offer time on them for 
industry. Hospitals, of course, are 
an obvious user. It is difficult to 
think of many industries requiring 
much time on a reactor. In fact, I 
think if any industry really wanted 
time on a reactor it would get it now. 

Mr. Williams: | do think we ought 
to draw attention to the facilities 
which exist at Imperial College, 
which have been in existence for 
some time. Of course, it is not a 
major job in the critical sense, but 
it has given a lot of information. 
On the point which has been raised 


about the utilization of facilities, ° 


which is, of course, an attempt to 
recoup some of the capital which has 
been invested, I do suggest that 
reasonable university facilities could 
be used in hospital work in the 
field of isotopes and for industry. In 
your reference, Dr. Grassam, you 
rather suggested that a reactor was 
merely a teaching aid. Of course, 
British universities with their long 
tradition of research have this two- 
fold aspect of teaching and research 
and I think more emphasis could have 
been made on this use of university 
reactors as a means of research, and 
stemming from this is the fact that 
although a lot of people want to do 
research on reactors I do not think 
it is true that reactor facilities are 
easily obtainable. It is my experience 
that the reactor facilities at the 
Atomic Energy Authority and the 
two industrial reactors are fully 
occupied and it is extremely difficult 
to get any useful space when anyone 
wants to. So, I think university 
reactors will play a very useful part 
in providing these facilities. 

Dr. Grassam: | did think that I had 
emphasized in my _ lecture that 
research was the main reason for 
having university reactors, rather 
than teaching purposes. But I do 
see your point, if I did not make that 
clear. As regards the facility of 


Imperial College, I do agree it has 
been there for a long time and has 
done some very valuable work. 
There is also a sub-critical assembly 
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at Queen Mary College and | 
believe that Birmingham has one as 
well. 


Dr. Salmon: | am a great believer 
in reactors in universities, and my 
impression of this was strengthened 
some weeks ago when I was at a 
conference on pile neutron research. 
Attending this were representatives 
of universities abroad and the Atom- 
ic Energy Authorities and Atomic 
Energy Commissions of various 
countries. To my mind the most 
impressive paper of all reporting 
work about a reactor was from the 
University of Munich, where they 
have a | MW reactor. They have 
about 30 experiments going, all of a 
standard which could be reported at 
an international conference, so | 
think this emphasizes that universi- 
ties can use reactors, but there is 
one very important thing to be 
borne in mind and that is that one 
must not under-emphasize the cost 
of this sort of work. The total 
investment in the Munich reactor 
is over £1m., and it does require a 
very big and competent staff to run 
a reactor of this type from the safety 
point of view and also to supervise 
it from the research point of view, so 
I do not think we ought to under- 
emphasize these reactor require- 
ments. As regards the stages of 
development of the powers of the 
reactors, I think we are right in 
thinking now about the 10 to 100 kW 
range of reactor, because I am sure 
that it will eventually lead to some- 
thing. Possibly one or two national 
reactors for university use—perhaps 
with the relevant authority—in the 
5MW range. In 1954, AEI made a 
survey of universities in the U.K. 
having strong nuclear physics teams, 
because nuclear engineering, es- 
pecially at universities, was virtually 
non-existent. The impression then 
was that a reactor of the 5 MW range 
was what was wanted by people 
who know what they want to do. 
Unfortunately, the money has not 
been available and there were siting 
difficulties, but I am sure this is still 
the future and I am sure it is going 
to come. I think in reply to Dr. 
Grassam and Mr. Williams, there 
are facilities available at Aldermaston 
on MERLIN, which we have said 
we will give free to the universities 
for research work and we will 
help training operations as far as we 
can. But on a post-graduate level 
1 would say that perhaps the initial 


training around a 100 kW reactor 
would still be useful for when they 
want to progress to higher fluxes for 
slightly more sophisticated problems. 
There was just one point with which 
| disagreed in your paper, Dr. 
Grassam, and that was this use of the 
words “inherently safe.” We have 
thought about this for six or seven 
years now and my conclusion is that 
I do not believe there is an inherently 
safe reactor. Just looking at it from 
the point of view of radioactivity, 
mechanical handling and so on, if 
you have a 100 kW reactor you can 
have 100 kilocuries on your site and 
I do not believe 100 kilocuries of 
radioactivity is ever inherently safe. 
We do not use this word any more. 

Capt. Atkins: For the record, 
Dr. Grassam, there is one reactor 
which I certainly hope will be coming 
along. I hope I am not speaking out 
of turn, but that is the one at the 
Royal Naval College at Greenwich. 

Dr. Grassam: Yes, | had forgotten 
that one. 

Mr. Coombes: | gather from your 
remarks that the Government is 
rather reluctant to come forward 
with funds for these reactors and I 
wondered whether the universities 
have thought of approaching the 
big charity organizations or founda- 
tions, such as the Nuffield Founda- 
tion. 

Dr. Grassam: We would certainly 
like endowments, I must say, but 
the money involved is rather large, 
say £}m., plus the running costs. 
The universities would have to be 
quite certain that the support would 
be continued and not just a short 
term gift. We like endowments, but 
I think we must rely on the Govern- 
ment for such ambitious schemes as 
this. 

(Replying to Prof. Edwards of 
the Royal Naval College, Dr. 
Grassam apologised for not mention- 
ing the reactor there. He was aware 
of it, of course. On another point 
raised by Prof. Edwards, Dr. 
Grassam agreed that accelerators 
could do very useful work, but he 
felt they were a _physicist’s tool 
rather than an engineer’s. He did 
not feel they gave the same value 
in engineering training as a reactor 
would.) 

Mr. Shaw: | would like to say how 
much I appreciate this talk. I think 
it has greatly filled a need because 
people do not often talk about 
research reactors in terms which 
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ordinary people can understand. 
This brings me to my question which 
is connected with the previous gentle- 
man who raised the $64,000 question. 
1 think this $64,000 question is one 
which has just got to be answered, 
if an amount of money is going to 
be put up by the Government. (1 
am speaking as a tax-payer.) Be- 
cause, you see, in power production 
the problem is comparatively 
simple. We have got an end product 
which we can measure, or at least 
demonstrate on paper, and that is 
the cost of electricity. Then we have 
the question—what is the possible 
criterion for a research reactor? 


Plasma Physics. Edited by James E. 
Drummond. Published by McGraw-Hill 
Book Co. 386 pp. 

Apart from the “local pub,’ where 
would one expect to find the meeting-place 
of the nuclear physicist, the astronomer, 
the aircraft engineer, the electronics expert, 
and the space aeronaut? Surely, plasma 
physics would be a_ suitable common 
ground, as seems to be indicated by this 
book. Its 14 chapters present aspects of 
plasma physics and the problems of 
research, including those of quantum 
mechanics, and the basic concepts of 
classical statistical mechanics. One of the 
major problems is the interaction of indi- 
vidual electrons with the whole body of 
electrons in the ionized gas. This has an 
important bearing on problems in thermo- 
nuclear devices, in which runaway electrons 
interact with plasma to produce high fre- 
quency instabilities in the form of ampli- 
fications or oscillations. The second major 
problem is the interaction of plasma oscilla- 
tions with the electromagnetic radiation 
field. The problem of the origin and 
propagation of beams or turbulences falls 
within the field of magnetohydrodynamics, 
a science which was born as a twin of 
plasma physics, and which is of importance 
to astrophysicists as well as to nuclear 
physicists. Y. Klimontovich and V. P. 
Silin contribute a chapter on the spectra of 
systems of interacting particles. E. Meeron 
writes on the statistical mechanics of rever- 
sible processes in plasma dynamics, largely 
centred around the importance of the 
Debye length. The statistical mechanical 
theory of reversible phenomena _ finds 
applications which involve approximations 
not yet fully understood, but likely to lead 
to further developments and _ possible 
different approaches. 

In Chapter 4, on amplifying and evanes- 
cent waves, P. A. Sturrock clarifies terms 
used in electrodynamical analyses, and O. 
Bunemann distinguishes between attenuat- 
ing and amplifying waves, an analysis of 
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Surely, it is the research programme 
or teaching programme which it will 
carry and in my limited experience 
of the requirements of various po- 
tential customers for research re- 
actors it is that rarely, if ever, does 
one hear the same story. Now 
unless one goes to the potential 
authority and tries to put oneself 
in the position of a central Govern- 
ment trying to allocate funds it 
cannot be a very good case to put 
forward a fragmentation of ideas. 
So, surely, if this thing has got to be 
done, all universities should get 
together and hammer out a pro- 
gramme which all reactors must be 


Book Reviews 


travelling wave tubes or amplifiers involving 
a “dispersion equation connecting fre- 
quency with the propagation constant. 
Y. A. Yoler reviews hydrodynamics, dealing 
with the interaction between magnetic fields 
and electrically-conducting fluids in motion. 
O. Bunemann shows how the Bennett pinch 
is an ideal model conforming to certain 
conditions, the practical application of 
which still is a long way off, the pinch 
stability remaining uncertain for the 
present. 

In ** Stability of Relativistic Self-Focusing 
Streams,” D. Finkelstein and P. A. Sturrock 
discuss the properties of streams of ions 
and electrons moving in opposite directions 
with relative velocities near to the speed of 
light. Such structures were recognized as 
possible at high energies and currents by 
Bennett (self-focusing) and Tonks (pinch 
effect). The results of analysis of such 
plasmas are not altogether discouraging, 
but a more powerful mathematical analysis 
is called for. Pure magnetohydrodynamics 
cannot be applied to present-day relativistic 
stream problems, unless currents over 
17,0007 amps (much greater than any so 
far contemplated) can be made possible. 
P. A. Goldberg, in discussing properties of 
high altitude ionized shock waves, points 
out that above Mach 10, air in a shock 
wave is very different from air at rest, and 
at Mach 13-25 intense heating and ioniza- 
tion result in formation of over 20 products 
of decomposition. Studies are urgently 
required on the electrical properties of air 
in hypersonic shock waves. O. Bunemann 
reports progress in the theory of transverse 
plasma waves and plasma vortices, this 
being very slow and difficult. Microwave 
diagnostics for controlled fusion form the 
subject of C. B. Wharton’s chapter, in 
which certain probe circuits are described. 
J. E. Drummond deals with plasma mag- 
netic theory, and shows how the results of 
experiments are used to derive the radial 
dependence of radio-frequency charges, 
current, and electric and magnetic fields. 


capable of doing whatever else the 
researchers will also do on their 
individual reactors. 

Dr. Grassam: | agree with Mr. 
Shaw. I do think that at the mom- 
ent each university is sticking up 
for its own ends. On the question of 
the programme, it is a little difficult 
to predict what you are likely to 
want to do in two years time when 
science is moving as rapidly as it is 
at the moment. I can tell you 
some programmes of work which 
want doing at the moment, but 
whether they will still need doing 
in two. years time is another 
matter. A AA 


The final chapter, by S. C. Brown, is a 
fascinating account of plasma _ physics 
research at MIT. He points out that slow 
progress is the result of the need for ensuring 
that no region which is ill-understood shall 
be skipped over. This book is a splendid 
summary of theory and current develop- 
ments in a very important field, and cannot 
fail to be of great interest to a very wide 
readership. It must remain an epic of 
achievement and opportunity this 
fascinating branch of physics. F.R.P.A./\/\ 
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Analytical Methods for the Determination 
of Caesium-137, Strontium-89 and -90 in 
Rain, Lake and Sea Water, presented by 
technical manager (chemistry), Operations 
Branch, Windscale. Published by Produc- 
tion Group, Risley. Reference PG Report 
155(W). Price 3s. 

Calculations of the Maximum Permissible 
Concentrations in Air and Water of Certain 
Fission Product Mixtures, by S. A. Beach. 
Published by UKAEA, Harwell. Reference 
AHSB(RP) R7. Available from HM Sta- 
tionery Office. Price 2s. 6d. 

Langmuir Probe Techniques in Intense 
Discharges, by H. W. Jones and P. A. H. 
Saunders. Published by CTR Division, 
AERE, Harwell. Reference AERE-R3611. 
Available from HM_ Stationery Office. 
Price Ss. 

The Relative Inhalation Hazards from the 
Radioisotopes of Iodine Following Accidental 
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Dolphin and S. A. Beach. Published by 
UKAEA, Harwell. Reference AHSB(RP) 
RS. Available from HM Stationery Office. 
Price 3s. 

Thermal Conductivity Determinations on 
Uranium Dioxide by Radial Flow Method, 
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lished by Industrial Group, UKAEA, 
Risley. Reference IG Report 51 (RD/C). 
Available from HM_ Stationery Office. 
Price 3s. AAA 
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Nuclear Training and 
Research Equipment 


by Otto F. Joklik 


Reactor simulation is a highly appreciated and useful method not only for training 
in nuclear reactor technique, but also for demonstrating clearly and comprehensively 
various nuclear and nuclear-physical processes. It is therefore important, not only in 
nuclear technology and engineering in general, but also in nuclear research work. 

A Vickers Mk. 1A Reactor Simulator is described in this article and meets all 
requirements. It embodies all the features expected from such a universal unit. 

Any thermal or fast fission reactor, running at low power, can be simulated con- 
tinuously up to a level of 100 kW. Various configurations of fuel and moderator with 
the associated range of neutron lifetimes may be represented. 

The six groups of delayed neutrons associated with the fuels uranium-235, 233 or 
plutonium-239 can be reproduced. An additional “ simplified” fuel, uranium-235/2, 
illustrates a two group treatment of delayed neutron effects and emphasizes the effect 
of delayed neutrons on reactor control. 

Provision for the study of the effectiveness of automatic control systems and the 
calculation of changes in reactivity due to fission product poisoning, temperature 
coefficient and thermal transient effects can be incorporated to suit any requirement. 

The instrumentation provides all the important indications given on the control desk 
of a full size nuclear reactor. These include a pen recorder giving power indications 
on one logarithmic and four linear ranges: a doubling time meter and a logarithmic 
power meter. Shut-off rod and control rod positions are indicated and warning lights 
show conditions and rod limit positions. A recessed panel is provided to pre-set the 
initial conditions of the various fuels to be employed. 

The range of equipment can be used to supplement lectures on reactor kinetics and 
courses can be designed around this versatile facility. A fully comprehensive training 
programme for potential reactor operators can be conducted with a simulator and a 
core model. Due to its great flexibility, the simulator can be used to represent experi- 


ments and power changes of many kinds. 


Part I—Reactor Simulators 


The Vickers Mk. IA Reactor Simulator has been 
designed and developed to meet the requirements of 
universities, technical colleges, and nuclear training and 
research establishments. The simulator can be used to 
supplement lectures on reactor kinetics, to train potential 
operators, or to stage reactor experimental programmes. 
Provision is made for the study of the effectiveness of 
automatic control systems. 

The principle of simulation is that of the analogue 
computer, in which the simulator system follows the 
same laws as the reactor being simulated, and continu- 
ously solves the equations relating to neutron flux, 
reactivity, and time, in a nuclear reactor. 

Potentially dangerous reactor power excursions can be 
simulated with complete safety: however, the operator 
is expected to exercise the same care and precautions in 
the use of the simulator that he would take in the control 
of a nuclear reactor. 

The simulator is so designed that it can be operated 
manually or automatically. 

The three-panel control console is supported on a 
knee-hole type desk. The pedestals accommodate the 
power units and the computer amplifiers. The simulator 


resembles the control desk of a nuclear reactor with all 
the essential safety devices and instrumentation. 

Any thermal or fast fission reactor may be simulated 
throughout its power range, up to a level of 100 kW. 
Simulators for power reactors usually have additional 
computing circuits for simulating changes in reactivity 
due to temperature coefficients, fission product poison 
effects, thermal capacities of the materials of the core, 
fuel depletion, etc. Such instruments are necessarily 
either very large, or are confined to the simulation of a 
single type of reactor. 

The six groups of delayed neutrons associated with 
the fuels U233, U235 and Pu239 are reproduced. An 
additional hypothetical fuel, U235/2, enables delayed 
neutron effects to be demonstrated more clearly by 
providing just one group of them in addition to the 
prompt neutrons. The mean-life chosen for the delayed 
group is 13°28 sec, which is the appropriately weighted 
mean of the six groups occurring with U235. 

Thermal and fast reactors may be simulated using any 
moderator with the exception that the photo-neutrons 
from beryllium and heavy water are not reproduced. 
The simulation of fast reactors under normal control 
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conditions can be achieved and this subject will be dis- 
cussed further. 

Safety simulation is obtained by the incorporation of 
interlocks and trips to provide actual reactor trip and 
safety responses. 

As its name implies, the automatic start-up system 
operates the reactor in such a way that the absorber rods 
are automatically withdrawn and are positioned such 
that the reactor power builds up to a pre-set maximum 
in the shortest possible time. 

The following notation will be used throughout the 
equations: 

=infinite multiplication factor 

«=effective multiplication factor 

Keox=-excess reactivity 

L.=leakage rate of neutrons 
n=neutron density at any time 
v=neutron velocity 

5.=macroscopic cross-section for absorption 

2:=-macroscopic cross-section for fission 
/,==absorption mean free path 
7» neutron lifetime — thermalization to absorp- 
tion 
p—reactivity 
S=neutron source strength 
c=fraction of neutrons delayed 
c=fraction of neutrons prompt 
ri—density of nuclei capable of giving a delayed 
neutron of type j 
pifraction of delayed neutrons of type / 
lifetime of type nuclei 
A\--decay constant of type / nuclei 
T.—reactor period 
Consider the case of prompt neutrons alone. The general 
equation is: 

Rate of increase of neutron density 

--Prompt rate of production 

+-Delayed rate of production 

—Rate of leakage of neutrons 

—~ Rate of absorption of neutrons 
So that for prompt neutrons alone, and an_ infinite 
system, we have: 


dn 
=nva —1—Le 
. . (1) 
Now we know that k,, (1+ Le). . @) 
ke— 1 Rex 
and = = — Pe 
so that (1) becomes: 
dn 
am 
nv Lak p (4) 
dt To 
since v2, = 
ls To 
whence log n= pk. t+A 
To 
and assuming that n=”) when ¢—0: 
exp. pk. | : 
Po 
For a finite system (5) becomes: 
kep 
EXP. t 
To 
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Fig. 1. Vickers Mark 1A Reactor Simulator 


i.€., N==No exp. . (6) 


0 
If now a source of strength S be introduced, (4) becomes: 
dn Aap 
dt To 
which may be written in the form: 
dn 


di +An=S. ‘ ‘ ‘ . (8) 


where A= —- 


n-+-S for an infinite system 


To 
S 
which gives n exp. Af r exp. Af— constant, and if 


n=ny at t=0, then: 


_S S 
this gives n ru exp. Af 
kp To 


and for a finite system, 


ke. 


a= 

ex To Rew 
Equations (5) and (6) are easily obtainable from (9) and 


(10) respectively, by putting S—0. 
Now, when the flux becomes steady, 


(10) 


=0 and equation (7) gives 
S =P nor S n for a finite system. (11) 
To 


which implies a negative value for p and hence kex, 
since S, 7), n, ke and k, are essentially positive quantities. 
At steady flux, then, we see that both excess k and 
reactivity must be negative. 

Furthermore, when the reactor becomes critical, ke=1, 
so that kex==p=0, and consequently in the steady con- 
dition the reactor is always very slightly subcritical. 

We may further write equation (11) in the form 


| 
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n=—-° . ; . (12) 


Whence we see that in the steady subcritical state, the 
reactor acts as a simple amplifier of the source, the 
amplification factor tending to infinity as criticality is 
approached. 

Now let us consider delayed neutrons when S is zero. 
Delayed neutrons are released by the decay of fission 
products as shown in the following example: 


Br®? 
(delayed) | 
n 
Kraa (stable) 


There are six groups of delayed neutrons with uranium. 
The production equation becomes: 


= Prompt Prodn. Rate -+ Delayed Prodn. Rate 


— Leakage Rate — Absorption Rate 
Let c=fraction of delayed neutrons (0°0064 tor 
natural uranium) 
then |—c=prompt fraction of neutrons 
If ri=density of nuclei capable of producing 
delayed neutrons of type / 
T:= mean life of type j delayed neutrons 
r;=mean life of type j delayed neutrons 
then rate of production of type j delayed neutrons 
ry 


Ti 
and total rate of production of delayed neutrons 
6 
2 TI 
j=1 
Prompt production k, (1—c) 
Absorption rate=nv2. 
Leakage rate=nv2. Le 


dn 6h 
=nvd, |k, (I—c)—(14+ Le)] 4 . (13) 
j=1 
dn_n 6 
prompt delayed 
Now, avi.ak,=rate of production of neutrons in 
fission 
nv&, k_c--rate of production of delayed neutrons 
in fission 


nv. k,cui-rate of production of type j delayed 
neutrons in fission 

d 

dt Ti 


Fig. 2. < as a function of Ts 


dry nk ry 
dt T) Ti 
There is one equation (14) for each of the six delayed 
neutron emitters and the neutron kinetics are thus 
governed by the seven linear, first order. differential 
equations (13) and (14). 
The values of 7; and y: for uranium fuel are given in 
Table 1. 


Now let us assume that = A exp. ; . (15) 
and ri= Bi exp. . (16) 


Then substitution in equation (13) gives: 
A Ak, (p—c). 6 
j =I Ti 
Similarly equation (14) gives 
By Ch iA 
Ts 
1 1) 
and substituting for B, 
k (p- c) 6 Chi. 
6 


Hence, Bi 
To 


therefore 


j=1 
To ( 7 He 
i.e., > . (17) 


This equation (17) is a polynomial equation of the 
seventh degree in 7, whose roots depend on the value of 


p. If these roots are Tx,, Tsy,..... T:,, then the solutions 
of equations (13) and (14) are: 
n (18) 
ri== Bi, exp. j=lto6. (19) 


i= l si 
in which the constants A; and Bi depend upon the 
initial conditions. The solution of equation (17) is most 
easily obtained by plotting p as a function of 7; as in 
Fig. 2; for any value of p the value of 7; can then be 
read off. 


In the case of a finite system equation (17) reduces to: 


ke 1 T.-44 
and remembering that ke- 
from equation (3), we get finally: 
pe | , Te \ 


The neutrons present in a reactor arise in two ways: 
(a) prompt neutrons, which are emitted at the instant of 
fission; (b) delayed neutrons. These arise when a fission 
product undergoes radioactive decay to a daughter pro- 
duct which then emits a neutron. The rate of supply of 
such neutrons thus depends upon the yield of the fission 
product (or “delayed neutron emitter’’) and its radioactive 
decay constant (reciprocal of ** mean life.”’). 
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TABLE I 
Delayed Groups as Represented in the Reactor Simulator 


Relative Absolute 
Fuel | Group | Mean Abund- — Group Decay Chosen 


| No. | Life ance yield, Constant | 7: (sec) 


(sec) per cent. | (sec—") 
1 | 7937 0086 0-057 00126 80 
2 29°67 0033730 
U233 7194, 0-252 0166 0139 8 
4 | 3077) 0:278 0-184 0325 325 
5 | 0885 0-051 0-034 0-880 
6 | 04 0-034 0022 2:5 0-350 
| 8065 0012480 
2 32-79 0-219 -0-0305 30 
U235 0009 0196-0310 OT 8 
0-035. 80 
2-33-22 0-298 01820-0301 30 
Pu239 8-065 0-211 0-129 0-124 8 
| 4 | 3077) 0-199 0-325 | 3:25 
5 | 08929 0-052 1:12 0-880 
6 | 03717) 0-044 2-69 0-350 
U235/2, 13-04 1-000 1580-07714 13-28 


The above figures are the latest available as published in the 
Reactor Physics Constants ANL-5800. 


Only a small number of fission products have this 
property of giving rise to delayed neutrons; six are in 
fact known to exist. Their relative proportions depend 
upon the fissile fuel, and the proportions represented in 
the simulator are shown in Table 1. 

It is the delayed neutrons which largely determine the 
characteristic dynamic behaviour of a reactor when 
power changes are made. The proportions of delayed 
neutrons in the reactor only correspond to the relative 
yields in fission when the reactor is in the steady state, 
i.e., densities of prompt and delayed neutrons are con- 
stant. 

From the kinetic equations, we then have: 

dri_o 
dt 
and then equation (14) shows that: 


Ti 
— cu 
%, 


0 
Let us now disturb this steady state, say by adding 
suddenly some negative reactivity. 

The prompt neutron density will immediately fall, 
producing a prompt fall in power. 

The delayed neutron density will, however, suffer no 
such sudden change, since it depends upon the fission 
products which were present before the disturbance. 
These will gradually decay until a new steady state is 
reached, in which the fission products, and hence the 
delayed neutrons, are again in equilibrium with the 
prompt neutrons. 

The power change will, therefore, take place in two 
stages: (a) a prompt change, followed by (6) a steady 
change representable as a series of exponentials. 

It may be shown that, provided the prompt mean life 
7,» is very much smaller than the smallest 7: the prompt 
power change is given by: 


294 


n c—p 
where n' is the power level just after the prompt change 
and n is the steady power before the disturbance. 

If we disturb the steady state by suddenly adding a 
small amount of positive reactivity, we similarly get a 
prompt rise given by the above formula, followed by a 
series of exponentials from the delayed neutrons. It will 
be observed that as the added reactivity approaches the 
value of c, the total delayed neutron fraction, the prompt 
rise increases indefinitely; the condition p==c is referred 
to as “ prompt criticality.” 

For values of p less than c, we obtain a prompt rise 
followed by exponential divergence; for values of p 
greater than c, the power rises indefinitely and extremely 
rapidly. 

To sum up, we may picture the effect of delayed neu- 
trons by observing that their density variations, and thus 
their contributions to the power, lag behind the power 
changes; when power has just been increased or is in- 
creasing, there are too few delayed neutrons for equi- 
librium, while when power has just been decreased, or 
is decreasing, there are too many of them for equilibrium. 

Thus in bringing a reactor up to power from shut- 
down, when the desired power level is reached, the 
reactivity has to be kept slightly positive so that the 
excess of prompt neutrons compensates for the lack of 
delayed neutrons. As the delayed neutrons build up, the 
excess reactivity is gradually reduced to zero. Con- 
versely, when a reactor has just been shut down, the 
exponentially decreasing power comes mainly from the 
delayed neutrons derived from the fission products 
present immediately before shut-down. If, during this 
exponential decrease, we make the reactivity less nega- 
tive, by adding a little positive reactivity, the prompt 
neutrons produced added to the large proportion of 
dn. 
dt 
The power will therefore rise, but only for a short time, 
as the steady diminution in delayed neutrons will soon 
overcome the effect and the power will again fall. 

In reactors moderated by heavy water or beryllium, 
additional delayed neutrons, known as photo-neutrons, 
are produced by the action of gamma radiations from 
fission products on the nuclei of deuterium or beryllium. 
Some of these photo-neutron producers have long mean 
lives, and high-flux, heavy water moderated, enriched 
uranium fuelled reactors take several hours to shut down 
completely. 


delayed neutrons present will give a positive value of 


Fast reactor 


In a fast reactor, the mean lifetime of a neutron, from 
emission to absorption, is of the order 10-7 sec compared 
with about 10-* sec in a thermal reactor. Although these 
lives differ by a factor of 10,000, they are both so short 
compared to the mean lives of the delayed neutron emit- 
ters that the difference in kinetics is noticeable only when 
the power is changing rapidly, or when step changes in 
reactivity are made. The doubling times of a fast reactor 
and a thermal reactor are virtually the same for values 
of reactivity less than about 0-1 per cent.+ The difference 
increases with reactivity until, when the reactors are 
prompt supercritical, at, say, +-1-0 per cent., the doubling 
time of the fast reactor is about 10-* times that of the 
thermal reactor. 


> 
| 
| 
| 
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Equation (12) shows that the steady power level of a 
reactor is proportional to the source strength, that is, to 
the rate of supply of neutrons from sources other than 
fission capture. 

One source of such neutrons is spontaneous fission, 
mainly in U238. This, however, is very small, so that 
to obtain an appreciable power level from this source 
alone, the reactivity would have to approach very closely 
to zero. Thus start-up would be a dangerous procedure; 
moreover, to reach full power would take a long time 
unless the doubling time were made dangerously short. 
It is, therefore, customary to maintain a measurable 
shut-down power level by placing additional neutron 


Letter to the Editor 


Sir: In connection with my paper, “Electric Power 
from Nuclear Heat—Direct,” read for me at the Institu- 
tion by Dr. Grassam and published in the June issue of 
NUCLEAR ENERGY, it has been suggested that a little 
more explanation about direct conversion applied to 
nuclear fusion would be welcomed. Accordingly, I 
would add that in a thermonuclear reactor the fusion 
process would occur in a highly ionized plasma, oscil- 
lations in which would constitute an alternating current, 
which could in principle be appropriately transformed 
for power generation. Since magnetic fields are essential 
to confine the hot, fusing plasma, the latter, when taken 


sources in the reactor core. Three types of source are in 
common use, depending upon the type of reactor. 
Antimony-beryllium sources are suitable for high-power 
thermal reactors, where the thermal neutron flux is high 
enough to maintain the gamma activity of the antimony. 
Radium-beryllium sources are suitable for fast reactors 
and low-power thermal reactors. For research reactors 
where little shielding is required, polonium-beryllium 
sources are used because of the very small amount of 
gamma activity present. This latter type of source, 
however, has a short life of about three months. 


This article will be continued next month 


Pinkerton Founder Award Paper 


through a compression-expansion cycle, does work on the 
confining field in a way analoguous to the gas in an 
internal-combustion engine working against a piston. 
The point of my last sentence was that in solving the 
problem of confining the plasma we may incidentally 
solve the problem of extracting its energy directly as 
electric power. These possibilities have been discussed 
in some detail by Jukes (Proc. I.E.E., Vol. 106, Part A, 
Supp. No. 2, 1959). 
Yours, etc., 

J. W. GARDNER. 

Whetstone, Leicestershire. 


This plastic model has been presented to The Institution by the manufacturers, 
Revell (Great Britain), Ltd.; it represents a power station embodying a pressurised 


Presented to 


water type reactor similar to those designed and built by Westinghouse Electric 
Corporation for the Yankee Atomic Electric Company, at Rowe, Massachusetts, 


and for a Belgian utility group near Mol, Belgium. 


The Institution 


The model is made up from a construction kit of 237 separate parts, all of which 
are numbered for easy identification. Each part is broken from the bar as required, 


excess plastic being trimmed off, and assembled with a special polystyrene cement. 


The scale of the model is '/,, in. = 1 ft. 
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NOCLEAR 
NOTES 


Essential power 


A NEW simplified system has been de- 
veloped by the UKAEA for the automatic 
starting of diesel engines to supply essential 
power to reactors in case of emergencies. 
The device consists mainly of a single valve 
controlling the admission of compressed 
air to the engine. This valve is opened by 
a falling weight which is held suspended 
by an energized solenoid until an electrical 
power failure occurs. When the engine has 
started oil pressure in the main lubricating 
system shuts the valve and at the same time 
latches the operating weight in the original 
position. Emergency generating engines at 
Dounreay and on the AGR at Windscale 
have been fitted with this device, and it is 
also being included in some of the nuclear 
power stations which the CEGB is con- 
structing. 


Euratom contract 


EFFECTS of radiation on plants, conserva- 
tion of foodstuffs by irradiation and the 
behaviour of isotopes in soil are the subject 
of a research programme to be carried out 
under a contract signed recently by the 
Institute for the Application of Atomic 
Energy in Agriculture at Wageningen, 
Netherlands, and Euratom. 


Preparing part of a gas circulator for 

assembly under nuclear clean conditions. 

The dome in which the shaft is housed 
is seen in the background 
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Bilbao-Ebro 


CENTRALES Nucleares del Norte, of 
Spain, has applied for authorization to set 
up a nuclear power plant at Valle de Toba- 
lina, in the province of Burgos. The plant 
—to be known as Bilbao-Ebro—will cost 
about 3,140m. pesetas, 1,815m. pesetas of 
which will represent foreign exchange cost. 
The plant’s capacity will be 250,000 kW 
and annual production will be 1,750m. 
kWh, with an 80 per cent. load factor. 


New reactor 


THE Australian Atomic Energy Commis- 
sion is stated to be well on its way to 
achieving its goal of designing a new type 
of nuclear reactor for the production of 
electrical energy. Commission chairman, 
Professor Baxter, has stated that the Com- 
mission was now convinced it could build 
a high-temperature reactor using beryllium 
as the fuel element. He continued to say 
that seven years ago the Commission had 
set its sights on a beryllium reactor as 
opposed to the conventional graphite and 
heavy water reactors. One of the reasons 
being that beryllium was plentiful in 
Australia. Professor Baxter said he was 
confident that another four or five years’ 
study would lead to the designing of the 
new type of reactor for generating elec- 
tricity. 


German budget 


WESTERN Germany's 1961 budget pro- 
vides for £24,636,000 to be spent on the 
peaceful use of nuclear energy, as compared 
to £21,045,000 in the previous year. The 
sum includes £8,127,000 earmarked as 
West German contributions to international 
atomic agencies and organizations. The 
largest part—£6,545,000, comprising 
£1,090,000 for administrative work and 
£5,455,000 for research and investments— 
will go to Euratom. 


Cracow reactor 


DESIGNS for the third Polish atomic 
reactor are being prepared at the Cracow 
Institute of Nuclear Physics by a team led 
by Professor J. Janik and should be ready 
this month. The reactor will be built during 
the present Five-year Plan, and its thermal 
power will be about | MW. It will be used 
for fundamental research in low energy 
nuclear physics, to meet the needs of 
industry in Southern Poland, in biological 
and agricultural research. 


Dacca centre 


ACCORDING to Pakistan’s Minister for 
Fuel, Power and Natural Resources, the 
Pakistan Atomic Energy Commission will 
establish an atomic energy centre at Dacca 
for the training of personnel from universi- 
ties, agricultural and medical colleges in the 
use of radioisotopes. The centre will be 
equipped with a powerful atom accelerating 
machine and will also have a research 
centre for agricultural problems of East 
Pakistan. 


Dutch forum 


A NUMBER of Dutch industrial concerns 
and the Netherlands Reactor Centre have 
taken the first steps towards the establish- 
ment of an organization to be called the 
Netherlands Atom Forum. The Forum 
will represent the Netherlands in the 
Forum Atomique Européen,” established 
in Paris on July 12th, 1960. 


Indian station 


INDIA is to spend £384m. on the establish- 
ment of the first atomic power station at 
Tarapur. 


Calder training 


JAPANESE engineers who will hold senior 
posts in the Tokai Mura nuclear power 
station are receiving intensive training at 
Calder Hall nuclear power station. Tokai 
power station is at present under construc- 
tion by GEC and will have a net power of 
158 MW. Training of the Japanese en- 
gineers has been especially designed to suit 
the conditions which will be experienced at 
Tokai. The course includes a period at 
the Calder Operation School. 


U.S.S.R. agreement 


COLLABORATION on the peaceful uses 
of atomic energy was the subject of an 
agreement signed in London recently be- 
tween the U.S.S.R. State Committee of the 
Council of Ministers for the Utilization of 
Atomic Energy and the UKAEA. The 
agreement provides for collaboration, ex- 
change of information and visits in the 
following fields: nuclear physics, solid 
state physics, basic radiation chemistry, 
inorganic chemistry of elements of import- 
ance in nuclear science and technology, 
research on isotopes and research on the 
application of isotopes, plasma physics, 
high energy physics, reactor physics, and 
experimental fast reactors. 
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Oxford research 


A NEW nuclear physics research centre is 
to be built at Oxford University. The 
Department of Scientific and Industrial 
Research is to contribute £750,932 towards 
the project, which will be led by Professor 
D. Wilkinson. Under the research pro- 
gramme a particle accelerator of novel 
design will be provided for long-term re- 
search on nuclear structure. Total Govern- 
ment support for the project will be in the 
region of £im. The special equipment will 
consist of an 8-10 MeV vertical Van de 
Graaf generator which will be coupled to a 
12 MeV horizontal tandem Van de Graaf 
generator. The vertical machine can be 
used either as a high-intensity generator or 
a high-energy injector in conjunction with 
the 12 MeV horizontal machine to give a 
combined energy of 20 MeV, with which 
experiments can be carried out throughout 
the whole range of nuclei. 


Brazilian agreement 


AN agreement has recently been concluded 
for co-operation between the European 
Atomic Energy Community the 
Government of the United States of Brazil. 
Mutual aid and assistance in the develop- 
ment and use of atomic energy for peaceful 
purposes is the subject of the agreement. 
It proposes co-operation in the following 
fields: the exchange of information as 
regards research and development, health 
protection, installations and equipment and 
the use of ores, source materials, special 
fissile materials, sub-licences for patents, 
the exchange of students, technicians and 
teachers, the improvement of ore prospec- 
ting techniques, the construction of instal- 
lations and equipment, the supply of ores, 
source materials, special fissile materials 
and radioisotopes, the processing of ores 
and source materials and the chemical 
treatment of fuels. 
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Hitachi Shipbuilding & Engineering Co. of Osaka, one of the leading Jap- 

anese shipbuilding and engineering firms, is conducting detailed research into 

J apan ese the problems involved in the construction of a 65,000 d.w.t. tanker equipped 

with a nuclear reactor and a 25,000 s.h.p. turbine. A model of the ship is 

Sh j shown above, and of the propulsion unit below. The main details are as 

follows: length 237 m; breadth 34m; depth 17-4m; deadweight 65,000 L.t.; 
main engine, turbine (25,000 s.h.p.) 1 set; sea speed 17 knots 


— 5 
om 
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DR. GARDNER, one of the joint winners 
of the Pinkerton Founder Award for 1960, 
is a graduate of London and Birmingham 
Universities. Apart from the war years, 
when he worked on operational research 
for the RAF, his professional career has 
been wholly in theoretical physics. Since 
1956 he has been with the English Electric 
Company’s atomic power division, ap- 
plying his subject to longer term reactor 
development. Previously he held appoint- 
ments at Harwell, Chalk River, Sydney 
University and the Dublin Institute for 
Advanced Studies. 


MR. K. J. DURRANDS, who lectured 
recently at the first meeting of the Midland 
Branch was educated at King’s School, 
Grantham and then served a five years’ 
Ministry of Supply engineering apprentice- 
ship at the Royal Ordnance Factory, 
Nottingham, during which time he received 
part-time education at Nottingham Tech- 
nical College. In 1952 he entered the Grad- 
uate School of Thermodynamics and 
Related Studies in the University of 
Birmingham and was awarded a Graduate 
Diploma in 1954. From 1954 to 1958 he 
was a technical engineer in the UKAEA at 
the Industrial Group Headquarters, Risley, 
after which he was seconded to the Uni- 
versity of Birmingham to lecture in nuclear 
engineering to the Reactor Graduate 
School in the mechanical engineering 
department. He is an associate member of 
the Institution of Mechanical Engineers and 
received an MSc for his research on the 
pressure drop along a gas cooled nuclear 
reactor channel. He is shortly rejoining 
the reactor technology branch of the 
UKAEA. 


DR. W. WILD has been appointed 
head of the chemistry division at Harwell 
in succession to DR. SPENCE. Dr. 
Wild will be responsible for the three 
branches concerned with chemical process- 
ing and reactor chemistry, radiation chem- 
istry and solid state chemistry and radio- 
chemistry. Born in 1907, Dr. Wild grad- 
uated from Leeds in 1928. He joined the 
chemistry division in 1947. 


MR. A. A. SMALES, head of the analyti- 
cal chemistry branch at Harwell has been 
given the status of a division head and will 
in future be responsible to the director. 
Born in 1916, Mr. Smales graduated from 
London in 1941. He then joined ICI at 
Billingham and was sent to Oak Ridge 
during the war to work on urgent analyti- 
cal problems encountered in the electro- 
magnetic separation plant. He joined the 
AERE at Harwell in 1947. 
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The appointment has been announced 
of MR. L. WALKER as company chief 
inspector for the Plessey Group of Compan- 
ies. Mr. Walker previously held a similar 
position with Scottish Aviation, Ltd. 


Two CERN scientists, PHILIPPE 
DENNERY and ROBERT MEUNIER, 
both from France have been sent to the 
Institute for Theoretical and Experimental 
Physics in Moscow. They will stay there for 
about two months, the former will work on 
field theory problems and the latter on the 
7 GeV synchro-phasotron which is being 
built at the Institute. 


M. E. ROSNER has resigned his post as 
senior lecturer in Mechanical Engineering 
at the Hendon Technical College and has 
now been appointed head of the mechanical 
and production engineering department of 
the Mid-Essex Technical College at Chelms- 
ford. 


E. G. Irwin and Partners, Ltd. have 
announced the appointment of MR. E. W. 
HERRINGTON as engineer in charge of the 
mechanical and electrical service department 
of their industrial division. Mr. Herrington 
was with the Ministry of Works from 1925 
until 1958 when he joined the Turriff 
Construction Company, Ltd. While at the 
Ministry of Works Mr. Herrington was 
concerned with the development and con- 
struction of the principal atomic research 
establishments until the UKAEA was set 
up in 1954. 


MR. T. MORRISON has been appoint- 
ed group field sales manager, U.K., by 
The Solartron Electronic Group. Since 
joining the group Mr. Morrison has been 
regional sales manager, Southern England 
and sales manager for Solartron Laborator- 
ies, Ltd. He was a member of the team 
which went to the U.S.A. in 1956 to set up 
Solartron, Inc. 


DR. D. O. CALDWELL has gone to 
CERN under a National Science Founda- 
tion Senior Postdoctoral Fellowship. Dr. 
Caldwell has recently been carrying out 
experiments with the 3 BeV Cosmotron at 
Brookhaven. At CERN Dr. Caldwell will 
be concerned with the 28 GeV particle 
accelerator. 


E. W. Herrington 


MR. J. H. THORNTON has been 
appointed group resident superintendent 
for Sizewell nuclear power station by the 
English Electric, Babcock & Wilcox, 
Taylor Woodrow atomic power group. 
From December, 1957 until December, 1959 
Mr. Thornton was chief civil engineer in 
the group resident superintendent’s de- 
partment at Hinkley Point. Since December 
1959 he has been assistant group resident 
superintendent at Hinkley. 


J. W. RYDE, the chief scientist at the 
GEC’s Hirst Research Centre at Wembley, 
has died recently at the age of 63. Mr. 
Ryde was associated with the research 
laboratories of the General Electric Co. 
for most of his life. During the Second 
World War he made considerable scientific 
contiibutions to the nation’s war effort. 


D. J. OTT is to be manager of the new 
applied science division of the Inter- 
nuclear Company. Mr. Ott has _ been 
senior nuclear physicist of the company’s 
Consulting Engineering staff assigned to 
the Societa Electronuclear Nazionale pro- 
ject for a 180 (e) MW nuclear power plant. 


DR. PIERRE LOUIS BALLIGAND has 
succeeded DR. HUBERT DE LABOUL- 
AYE as deputy director general in charge of 
the department of technical operations of 
the IAEA. Dr. Balligand was previously 
head of the large research reactor division 
of the French Commissariat a l’Energie 
Atomique. Dr de Laboulaye has returned 
to a senior position with the French 
Commissariat a l’Energie Atomique. 


The death has been announced of MR. 
W. H. APTHORPE, deputy chairman and 
former managing director of the Cambridge 
Instrument Company, Ltd. Mr Apthorpe 
joined the company in 1900 and has been 
concerned with the development of many 
instruments, including the Duddell 
oscillograph and the Galitzin seismograph. 


DR. W. H. ARNOLD has joined the 
staff of Nuclear Utility Services, Inc. 
as director of nuclear fuel management. 
Dr. Arnold has previously been with the 
Westinghouse atomic power division and 
was associated with the design of several 
American reactors. 


at 
K. J. Durrands Pt J. W. Gardner 
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Slow neutron detector 


A new slow neutron detector NE 421 
of Li6F is now available from Nuclear 
Enterprises (G.B.), Ltd. The new detector 
makes use of the fact that the alpha particle 
emitted from Li6 after neutron capture has 
a higher energy than the corresponding 
alpha from boron-10, and this leads to 
considerably higher detection efficiencies in 
the scintillator. Detection efficiencies of up 
to 60 per cent. can be obtained with thermal 
neutrons, which is approximately double 
that obtained with B10 detectors. (JUL 1) 


Fuel element tester 


20th Century, Electronics Ltd. have now 


introduced an instrument for testing fuel 
elements. 

The instrument consists of a mass 
spectrometer leak detector and an auxi- 
liary pumping unit which is connected 
to an enclosure for testing single fuel 
elements. 

The fuel element is internally filled with 
helium at reduced pressure and then loaded 
into the enclosure which is evacuated to a 
pressure of 10-°mm Hg using the auxiliary 
pumping system. The enclosure is isolated 
from the pumping system for a period and 
is then connected to the mass spectrometer 
leak detector tuned to the helium peak to 
measure the pressure rise over a period of 
time. 

A calibrated leak is supplied for adjusting 
the instrument. The complete operation 
for one element takes ten minutes. The 
pumping system is capable of sampling 
volumes up to 300 litres, and the unit can be 
attached to manifolds of testing enclosures 
for batch production. Both laboratory and 
batch-testing requirements are met by this 
unit. (JUL 2) 


Counter shields 


A new series of shields for manual and 
automatic counting is now available from 
Tracerlab of the U.S.A. The new series 
features a single universal top shield which 
can be interchanged between the Tracerlab 
SC-101, two position manual changer and 
the SC-104, three position manual flow 
counter. The same shield is also used as 
the top shield for the new Tracerlab SC-100 
automatic sample changer. Principal fea- 
tures of the shield are ease of changeability 
and handling, and ability to accommodate 
a wide variety of detectors which can be 
changed at a moment’s notice. (JUL 3) 


Flow counter 

Tracerlab have announced a new series 
of geiger-proportional flow counters. These 
are available in two sizes, the FD-1, 1 in. 


Materials 


and the FD-2, 2in. flow counters for 
operation in either the geiger or the pro- 
portional regions and with or without 
windows. 

The new series of multi-purpose flow 
counters is of unique plug-in construction, 
operates with a wide variety of counting 
modes and a number of different flow gases. 
The FD-1 and FD-2 feature all plastic con- 
struction to minimize background and 
deposited stainless steel cathodes. The 
counters operate in the geiger region with 


Fuel element testing instrument by 20th 
Century Electronics 


standard Tracerlab G-1 gas or in the pro- 
portional region with argon-methane gas, 
pure methane or natural gas, and require 
no change of centre wire in changing from 
GM to proportional counting. 
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An extremely thin window, less than 125 
microgram/sq.cm, is standard for both the 
1 in. and 2 in. counters. 

Backgrounds for the lin. counters in 
the standard Tracerlab shield are less than 
12 counts/min and for the 2 in. less than 
30 counts/min in the geiger region, with 
plateau lengths of 300v with slope less than 
2 per cent./100v over the entire range. 
Geiger operating voltage is 1,450v +-150v. 
Using natural gas, the counter operates 
proportionally at 4,700v with a background 
for beta counting less than 30 counts/min 
and plateau length of 1,000v, slope less than 
2 per cent. (JUL 4) 


Pellet sintering 


Spembly, Ltd. have designed and manu- 
factured a means of individually loading 
radioactive metallic pellets into a high 
temperature vacuum sintering furnace. 
The apparatus was designed for the 
UKAEA and consists of a loading unit 
and an automatic programming power unit. 

A magazine is filled with 36 pellets inside 
a glove box and then transferred to the 
loading unit. The door of the inner end 
of the magazine is automatically opened 
and the loading unit which is mounted on 
to the end of the furnace is then sealed. 
The pressure within unit and furnace is 
reduced to 10-*mm. of mercury and the 
temperature of the furnace allowed to 
rise. 

When the correct temperature conditions 
have been established, the loading mechan- 
ism is put in motion by the automatic 
programming power unit. The pellets drop 


individually into a cup at the end of a long 
arm. The arm, which is provided with a 
water-cooled seal, is then pneumatically 
fed into the hot zone of the furnace and 
rotated to deposit the pellet. To avoid 
pellets piling up in the furnace an automatic 
** pushplate”’ is fitted to the end of the 
arm. 

The pellets are deposited at regular pre- 
determined intervals and are counted. 
The count and loading sequence are dis- 
played on the programme unit. When all 
the pellets have been deposited in the furnace 
a warning bell sounds. If a fault develops 
during the sequence, e.g., air-pressure 
failure with the long arm in the furnace 
hot zone, then the fault warning light 
comes up, another bell sounds and the arm 
is automatically withdrawn by means of 
air from the reservoir. 

The mechanism is completely automatic. 
Once the magazine has been put into 
position and the vacuum and temperature 
conditions have been attained in the furnace 
the operator presses the “start’’ button 
and no further attention is required, until 
all the pellets have been loaded or a fault 
in the mechanism develops. At the end of 
the loading sequence, the programming 
unit remains active and after a predetermin- 
ed period gives an indication that the 
complete heating cycle is at an end. 

‘ (JUL 5) 


Soil condition 


The TESTlab Corporation of Chicago, 
U.S.A. have recently introduced an im- 
proved system for determining per cent. 
moisture and density of soil by nuclear 
methods. This equipment, while adaptable 
to a wide range of uses, finds its largest 
demand in compaction control and study 
of soil moisture and density conditions 
prior to highway and dam construction. It 
also finds wide usage in moisture studies 
relative to water conservation, agricultural 
and irrigation control projects. 

The complete system comprises a counting 
unit (sealer) and a moisture and/or a 
density probe containing a_ radioactive 


The four chassis of the Nuclear Chicago 
Logic 802 
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(Above) Portable sealer 
by Testlab Corporation 
for determining per cent. 
moisture and density of 
soil 


(Left) Testlab surface 
moisture adapter 


(Below) Testlab depth 
moisture probe 


material and a detector system. Measure- 
ments are made by inserting or placing the 
probe on the material being tested and 
making a reading on the portable scaler. 

Principally this system allows at least 
5 to 10 tests to be run in the same period of 
time required to run one conventional 
test. Human errors are virtually eliminated 
and many areas not accessible to convention- 
al methods can be tested. 

The equipment is heavier than usual 
but it is safer as only low activity sources 
are used. (JUL 6) 


Integrated counting 


Nuclear-Chicago have announced a new 
integrated proportional counting system, 
the Logic 802. The system consists of 
four chassis in a single unit to provide 
linear amplification, scaling, timing and 
high voltage for GM _ counting or for 
proportional and scintillation counting 
with integral pulse-height analysis. A 
cooling base with forced air flow and a 
separate preamplifier are supplied with the 
system. 

Elapsed time and accumulated count data 
is continuously presented by means of in- 
line numerical readout. A gain of 50,000 
and positive pulse output to the scaler is 
furnished by the linear amplifier. Con- 
tinuous attenuation is provided to a factor 
of 512. Double delay line differentiation 


is incorporated to prevent base line dis- 
tortion at high input rates. 

The linear amplifier and an adjustable 
discriminator for positive pulses in the scaler 
permit both proportional counting and 
integral pulse-height analysis. Preset count 
is provided with ranges from 100 to 10* 
counts. 

Complete present time selection is 
available for all displayed increments of 
the timer. Preset time, preset count, or 
time-count may be used to stop counting. 

A digital recorder, a linear ratemeter, 
a logarithmic ratemeter and a_ graphic 
recorder can all be connected. (JUL 7) 


Electronic modulator 


Designed and manufactured by Bailey 
Meters & Controls and marketed by the 
Telephone Manufacturing Co., Ltd. is 
the electronic modulator SM 10, the first 
fully encapsulated transistorized chopper. 

It is a small, highly stable, silicon tran- 
sistorized chopper designed for low level 
d.c. chopping. Of the directly coupled 
type the SM 10 offers the simplest form of 
clamp-type chopper with which to solve 
circuit problems. The chopper has a. 
built-in. wave shaping circuit will 
operate from any 6v sinusoidal or square 
wave supply from 40 c/s to 1,000 c/s, and will 
switch a range of chopping voltages from 
1 micro volt to 250 milli volts. 

Since all the components are encapsul- 
ated within an aluminium can, the unit is 
Virtually immune from vibration and 
shock effects. The SM 10 has no moving 
parts to suffer wear or contacts to become 
contaminated and it never needs adjust- 
ment. (JUL 8) 


Detector pulses 


By means of pulse transformers, Plessey 
Nucleonics, Ltd. have recently solved the 
problem of transmitting small amplitude 
pulses from nuclear radiation detectors 
over long lengths of cable, without having 
to use a head amplifier. 

Long lengths of cable, generally located 
a considerable distance from the main 
pulse amplifier, reduce the voltage ampli- 
tude of the charge pulse at the amplifier 
input grid. But by using pulse transformers 
to match the cable this difficulty has been 
Overcome since the coaxial cable now be- 
haves as a transmission line. This reduces 
the loss in pulse height to that due to the 
normal r.f. attenuation in the cable. 

The pulse transformers are used in pairs, 
one being fitted to the detector and the 
other to the head amplifier. Thus long 
lengths of cable can be used without 
appreciable attenuation of the original 
signal or limitation of the counter perform- 
ance. (JUL 9) 
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|MPULSITOR™ 


FANS 


Two No. 27 Impulsitor” type back- 
ward curved multivane Fans, for handling 
explosive gases at an Oil Refinery. Both 

are for vertical up delivery, one for 
anti-clockwise, one for clockwise rotation. 

Duty :—7,000 C.F.M. 30 in. Bar. at 27 in. 
T.W.G. when running at 2,900 revs. per 

minute each direct coupled, through 

flanged couplings to a SO H.P. totally 
enclosed flame-proof Motor, Buxton certi- 
fied for use with Group 2 Gases. 

The Motor and Bearing Platform is 
fabricated from steel plate and is of welded 
construction. 


The Bearing Pedestal is of cast iron and is machined 
to carry one heavy duty self-aligning ball bearing 
and one heavy duty roller bearing next to the 
special spring loaded couplings. On each discharge 
flange is bolted an extension carrying three separately 
mounted quadrant controlled dampers, fitted with 
control gear and carried in gunmetal bearings. 

Fans of this type are very suitable for induced 
draught work and can be fitted with water-cooled 
bearings or our special Water-Cooled Shaft and 

Ball Bearings. 

Our advice on all matters of fan application 


is available on request. 


| THE AIR IMPELLOR AND ENGINEERING CO 


HEAD OFFICE & WORKS: Polygon Works, Colnbrook, Bucks. 
LONDON OFFICE: Camden House, 32, Pratt Street, London, N.W.1. 


Telephone : Colnbrook 2185/7 
Telephone : EUSton 1177/9 
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The INSTITUTION of NUCLEAR ENGINEERS 


invites Papers for the 


PINKERTON FOUNDER AWARD 


of 
100 guineas 


In accordance with the decision of the Council to make its annual 100 guineas award under the title of 
The Pinkerton Founder Award, papers are now invited on any subject in the field of nuclear energy 
for industrial or other peaceful purposes. 


Papers must be ORIGINAL works and illustrated where appropriate. 


The successful Paper will be presented at the Annual General Meeting of the Institution by its author 
who will receive 100 guineas. In the event of the Adjudicators considering more than one paper of 
equal merit the Award will be divided among their authors. Other Papers may be accepted for 
publication in the Journal at publication rates. 


CLOSING DATE: Ist DECEMBER, 1961 


Papers should be sent (and communications on the subject addressed) to: 
Pinkerton Founder Award 1961, The Institution of Nuclear Engineers, 
147, Victoria Street, London, S.W.1 


Physics is part of your life. You 
cannot get away from it. Whether 
you are a poet or photographer, a 
theologian or telegraphist, a baritone 
or a bus-driver, a knowledge of this 
subject will enrich you. 


Size of the Book 84 in. x 54 in. and is 
in blue cloth. 560 pages with 123 
diagrams. Send 63/- (which includes 
postage) for immediate attention. 
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The heat developed by the twin 

reactors of the new Berkeley atomic 
power station poses problems of 
thermal insulation which will require 
new techniques in their solution. 
Confining and controlling such intense 
yet precious thermal energy constitutes a 


challenge—a test worthy of the 
knowledge and skill acquired in 
65 years’ experience of 


thermal insulation manufacture by 
The Cape Asbestos Company, to whom 
the contract has been entrusted. 


THE GAPE ASBESTOS COMPANY LIMITED 


Manufacturers of: 


CAPOSITE 


Moulded Amosite Asbestos Insulation 


ROCKSIL 


Rock Wool Insulation 


PLUTO 


Asbestos Textiles 


At the Berkeley Nuclear Power Station of the 
*K Central Electricity Generating Board, the contract 

for supplying and installing thermal insulation 

for the TWO REACTOR PRESSURE VESSELS, 

16 HEAT EXCHANGERS. THE CO, 

DUCTING AND MAIN STEAM PIPES has been 

awarded by the main contractors 

AEI- John Thompson Nuclear Energy Co. Ltd., to 

The Cape Asbestos Company Limited. 


CAPE 


ASBESTOLU<X asbestos insulation board, MARINITE asbestos 
sheet and CAPASCO moulded brake linings and clutch facings are 
also manufactured by the Cape Asbestos Group of Companies. 


THE CAPE ASBESTOS COMPANY LIMITED 
114 & 116 PARK STREET, LONDON, W.1. TELEPHONE : GROSVENOR 6022 
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NEUTRON DETECTION 


by 
INTERSCHUTZ 
Ww. D. ALLEN International Exhibition of Fire Fighting 
B.Sc., D.Phil. Equipment, Safety Appliances & Radiation 
A descriptive leaflet Protection 
is available from 
COLOGNE 


the publishers 
Dr. Allen has a senior 23rd June—2nd July, 1961 


appointment at the 
A.E.R.E., Harwell 


The Exhibition will present a comprehensive show of 
all the latest safety devices in Industry, Civil Defence 
Illustrated by four 
halftone plates end and Atomic Research. 
many line diagrams 
and graphs 
Cologne will become the meeting place of 
specialists in these fields from all over the 
The treatment is world. 
comprehensive: A 
survey of basic prin- 
ciples followed by | 
INTERSCHUTZ offers you a unique opportunity of 
tection, applications finding an International Market for 
of detectors, and 
neutron standards. your Products. 
Extensive bibliogra- 
phy. Fully indexed. 


Se. British Exhibitors ple apply to: 
by post from George M. NEVEN DU MONT, 
Newnes  Ltd., Tower 
House, Southampton 123 Pall Mall, 
Street, London, W.C.2. | London, $.W.1. 


45s. net | =| Newnes — (Telephone: WHI 8211) 


MATHEMATICS EASY 
by D. S. Watt, B.Sc., M.I.N.A. 


Size of the Book 84 in. x 54 in. and is in blue cloth. Over 480 pages with 109 diagrams. 
Send 48/- (which includes postage) for immediate attention 


PRINCES PRESS’ LIMITED, 147 VICTORIA STREET, S.W.1 


Printed and Published by Princes Press, Ltd.. 147, Victoria Street, Westminster, S.W.1. 

Conditions of Sale and Supply—This periodical is sold subject to the following conditions, namely, that it shall not, without the permission of the publishers 
first given, be lent, resold, hired out or otherwise disposed of by way of trade except at the full retail price of two shillings and sixpence, and that it shall not be lent, 
resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorized cover by way of trade: or affixed to or as part of any publication or 

advertising, literary or pictorial matter whatsoever 
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HEATING @ AIR CONDITIONING @ 42/- 
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STREAM-LINE mobile filtration plant 


To meet the special demands of maintenance engineers in 
nuclear power and similar applications, Stream-Line now 


SUPER EFFICIENCY 


supplement their range of insulating oil purifiers by the 
addition of large capacity mobile tanks. The Stream-Line 
filter is already well known for its efficiency in keeping 
insulating oil free from all solid, liquid and gaseous impurities; 
now, combined with two tanks (one for dirty, one for clean 
oil) it makes possible a completely mobile, extremely versatile 
filtration plant. Oil can be pumped quickly from the trans- 
former into the ‘dirty’ tank and either taken away for batch 
filtration or filtered on site and passed straight into the ‘clean 
tank’. While the oil is being purified essential maintenance 
work can be carried out on the transformers. 


The 1,000 gallon tank illustrated above is one of a pair 
supplied with a 250 g.p.h. Stream-Line insulating oil filter 
to the British Thomson-Houston Co. Ltd., for use at Berkeley 
Power Station. Larger capacity tanks are also available, in- 
cluding models which combine clean and dirty tanks on a 
single transporter. 


OTHER APPLICATIONS IN THE NUCLEAR FIELD 


The ability of the Stream-Line filter to remove even sub- 
micronic particles, coupled with ease of operation by 
remote control, provides the nuclear engineer with means 
for dc .ling with some of his special problems involving 
radio-active materials. 


For applications demanding super efficiency in the elimination of 
last traces of air and water, Stream-Line high vacuum filters 
(Type CN-HV) are available operating at pressures in the order of 
o.1 mm. Hg., compared with the 28”/29” Hg. vacuum employed by 
medium vacuum (CN) types. Outputs range from §0 to 1,500 g.p.h. 


| | STR 


STREAM-LINE FILTERS LIMITED 
HENLEY PARK, NORMANDY, NR. GUILDFORD, SURREY 


Telephone: Normandy (Surrey) 3311-3 Telegrams: Edgefilt, Guildford 
4 member of the VOKES Group SFIO8 
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Photograph by courtesy of William Gray « Co. Ltd. 


Wherever hot-wet metal surfaces are found—with temperatures above 
200°F—‘Apexior No. 1’ prevents corrosion. 
Easily applied by brush or spray this outstanding coating provides effective 
All rou nm fe low cost protection for expensive boiler plant ... means less costly main- 
tenance. ‘Apexior No.1’ minimises scaie formation, ensures that any scale 
; Pp rotectio n which does form will be easier to remove; heat transmission is improved 
and feed water will not be contaminated or discoloured. 
For full information about ‘Apexior No. 1’ write today for booklet 


agal nst ‘Preventing Boiler Corrosion”’. 


corrosion 


APEXIOR 


REGISTERED 


.. lastingly ensured with 


eo BRITISH PAINTS LIMITED Apexior Division 


3 a Portland Road, Newcastle upon Tyne, 2 - Northumberland House, 303-306, High Holborn, London, W.C.I - 31, Wapping, Liverpool. 


SYQNEY ADELAIDE DURBAN CAPE TOWN CALCUTTA TRINIDAD * NEW YORK DUBLIN. Our world-wide service is at your disposal for the asking 
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